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Achievements and Prospects of Welding. 


T is only about half a century since the main 
But 
many years elapsed until, immediately before and 
War, 
employed on an important industrial basis. 


processes of fusion welding were invented. 


durmg the Great these new methods were 
Economie 
reasons stood in the foreground when welding methods 
were introduced into the metal-working industries, 
and once again it was proved that it is only by 
economic advantages that technical progress can be 
given a sound basis for wide development. 

It was in 1886 that Benardos, in Russia, invented 
the application of the heat produced by the electric 
are for the joining of metallic parts. A few years 


later Zerener and Slavianoff made use of similar 
welding processes which became of greater importance 
in industrial practice. The differences between these 
are welding methods are based on the fact that the 
electric are can either be produced between two 
carbon electrodes, or between a carbon or metallic 
electrode and the metallic work piece connected to 
the other pole. All these possibilities are being made 
use of in practice, but the Slavianoff process may be 
regarded as the most important are welding method 
in modern practice. It of 


electrode which is melted down by the heat of the 


makes use a metallic 
electric are,(about 3600 deg. Cent.), thereby joining 
the parts of the work pieces together. It was roughly 
at the same time that acetylene gas was discovered 
in the United States of America (1892). 


was primarily used for illuminating, purposes, but 


The gas 
about 1900 the first oxy-acetylene welding torch 
was designed in England. If we consider the very 
short period since the foundations of fusion welding 
were laid, and if, on the other hand, the achievements 
in industry are considered, it appears to be hardly 
an exaggeration to call welding a revolution in modern 
working methods in metal industries. 

These two groups include the bulk of welding 
work which is carried out on an industrial basis. 
Both the are welding method and the oxy-acetylene 
process have become as indispensable in a modern 
workshop as the hammer, the press, and tools of 
all kinds. 

Valuable additions to welding technique have 
been made by developing resistance welding pro- 
cesses, making use of the heat produced by an electric 
current passing from one metallic part to another. 
Spot welding, seam welding, flash and butt welding 
are some of the methods belonging to this group. 

Thermit welding is based on a chemical reaction 
between aluminium and another material (iron 
oxide) which continues at a very high temperature 
after it has been started by local ignition. This 
process is widely used for welding rails and other 
heavy material in situ. Hammer or forge welding 


must also be mentioned; its modern form uses 
water-gas to produce the necessary heat, and the 
Although 
this procedure may be called a very modern one, its 
principle is very near to that of the method of welding 
in the blacksmith’s shop. 

The present state of welding can hardly be defined 
in a few sentences, but it may safely be said that even 
in workshops organised on modern lines all the 
possibilities and advantages of welding are not yet 
made use of and that many more products will be 


manufactured by welding in future. Experience in 


material is welded together by hammering. 


By OTTO BONDY. M.I. Struct. E. 


various industrial countries has shown that several 
years elapse before welding methods can be employed 
on an economic basis. Many conditions have to be 
fulfilled before that is possible ; first of all, suitable 
jobs for welding have to be selected and the very 
best methods of performing the work have to be 
thought out by designers and workshop managers. 
It is not difficult at all to do jobs by welding, but 
it needs a good deal of practical experience to apply 
welding to its best advantages so as to make it a 
good business proposition. 

What are the advantages of welding ? 
them may be summarised as follows :— 


Some of 


Welding is a sound and natural joining of metallic 
pieces. If we compare it with riveting and bolting, 
no holes, which always weaken the part, have 
to be drilled, lap joints are unnecessary, and the flow 
of stress is therefore straight on from one part to 
another without being deviated by rivet holes or 
overlapping. There is a saving in weight, which is 
usually somewhere in the neighbourhood of 20 per 
cent. as compared with riveted structures, and up 
to 50 per cent. or more as compared with castings. 
Indirectly, such saving in weight means saving in 
freight, which is especially important so far as over- 
seas export is concerned, and very often lighter 
foundations for welded machinery: or welded struc- 
tures generally. Welding is comparatively noiseless, 
and this fact has proved to be a special advantage 
if steel structures are to be erected in densely popu- 
lated business quarters. For the new Bank of England 
building bolted connections strengthened by welds 
have been used, thus achieving a joint of full strength 
and at the same time avoiding the noise of riveting. 

Although these advantages of welding are fairly 
well known, the main point has often been missed. 
Welding gives the designer much freedom in arranging 
the shape and dimensions of his construction, and 
he usually takes the fullest advantage of it. A good 
deal of the past development in welding has been 
due to the ability of designers, and future progress 
will still more depend upon the question whether 
modern designers become “ welding minded” or 
not. But some welding pioneers have, perhaps, 
been too optimistic regarding the replacement of 
older manufacturing methods by welding. It may 
be safely assumed that none of the well-known 
methods, like bolting, riveting or casting, will be 
dispensed with in future, as many cases will probably 
always remain within their spheres. But it is also 
clear that especially where new workshops are set 
up the part played by welding will increase from year 
to year. In older shops welding is under the dis- 
advantage that old machinery must be put out of 
service by it, but has still to be paid for until amortisa- 
In comparing the economic aspects 
of one manufacturing method and another this 


tion is achieved. 
point should be taken imto account. As a rule, 
welding machinery is considerably cheaper in its 
initial cost than are riveting or casting facilities. 
This applies especially to heavy work which 
necessitates the use of pneumatic or electric riveting 
machinery. 

Before dealing with some of the outstanding 
problems of welding technique, a few achievements 
should be mentioned for each of the different methods, 


possibilities of each process and the scope and limits 
which are imposed by the nature of the welding 
method employed. As a whole, competition between 
the individual welding processes has proved to be a 
valuable stimulus to the technical development. 
Oxy-acetylene welding holds its own so far as 
There 
is hardly any metal or alloy which cannot be reliably 


the welding of non-ferrous metals is concerned. 
welded by the torch. Another special field for oxy- 
acetylene welding is the joining of thin sheets. 
Although electric methods, 
welding, have been introduced for this work, the gas 
welding methods still 
Welding of aluminium is mainly done 
by this process. Both electric are and resistance 
welding are not yet far enough advanced to compete 
here with gas welding. Many applications in the 
chemical industry, to brewery tanks, in aircraft, 
and in the construction of passenger coaches, are 
still reserved for gas welding so far as aluminium 
and its alloys are concerned. The framework of 
small cars has recently “been welded of chrome- 
molybdenum steel tubing similar to aircraft fuselage, 
and tubular seats of stainless steel and aluminium 
tubes for coaches have been oxy-acetylene welded. 
Only in recent years a very wide new field has been 
opened for the consumption of oxygen and acetylene 
by building up worn rails and crossings by this 
method.? British railway companies have already 
carried out resurfacing on a large scale and apparently 
with good results. The last case indicates that many 
unknown possibilities still exist with the opening 
of new fields of application, many of which were 
perhaps not even thought of a few years ago. 

As regards electric arc welding, its rapid develop- 
ment is the more surprising as the mechanical pro- 
perties of an arc-welded joint were considerably 
poorer than those of a gas-welded joint until a few 
years ago. While gas welding is done under the pro- 
tection of a gas mantle the electric welded joint is 
in danger of being spoilt by the penetration of various 
atmospheric elements into the molten metal. So, 
by natural conditions, electric are welding has been 
at a certain disadvantage, but this has now been 
overcome by the remarkable progress in the quality 
of electrodes. England, especially, has led in the 
development of heavily coated electrodes, and both 
in this country and in Sweden, where other electrode 
patents have been taken out, the development of 
electric arc welding has always been favoured by 
high-quality electrodes giving welded joints of full 
efficiency. It is remarkable that bare wire is still 
much in favour in Germany where a good many 
important welded bridges, buildings, and vessels, 
even for the Navy, have been built with bare wire. 
But it appears that the general development moves 
in the direction of the wider application of heavily 
advantages 


especially resistance 
prove more advantageous 
than others. 


coated electrodes, which show many 
from the metallurgical point of view. 

There is hardly a limit to the employment of are 
welding in place of older manufacturing processes, 


and it is difficult to find a field of application where 


are welding has not yet been used with success. It 
is not generally known that electrically welded 





1 “* Oxy-acetylene Tips,’”” New York, December, 1936. 
2 Bainbridge and Doré, “ The Welding Industry,”’ London, 








for that is perhaps the best way to indicate the 
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structures were erected in this country as far back as 
1921 and that several all-welded buildings had been 
manufactured at that time in London and other 
places,* a few years before similar applications were 
tried on the Continent and in America. It was at 
the same time that the first electrically welded vessel, 
the ‘* Fullagar,”’ was put into service. The reliability 
of her welded joints was proved by a severe collision 
badly deforming her hull, but without doing damage 
to the welds. Shipbuilding is one of the industries 
in which electric arc welding has been proved to be 
the only successful welding method. A great number 
of all-welded vessels have in recent years been built 
both in this country and abroad, and the saving in 
deadweight not only means a saving in initial cost, 
but gives at the same time an increase in useful load. 
A similar point has been emphasised when applying 
welding to movable parts of all sorts, in such cases 
the saving being very valuable, not only in the first 
cost, but still more in service either by increasing the 
useful load or by decreasing the power consumption 
for the movement of the deadweight. This point of 





Gas welding will be made use of for joining thinner- 
walled tubes, and electric are welding for tubes of 
heavier sections. 

Plate work and tank construction present another 
field in which welding has proved of ever-increasing 
advantage. In such work saving in weight results 
from butt welding instead of overlapping, and more- 
over, the welded joint is tight by itself without need- 
ing any caulking or other additional treatment. 
Furthermore, the absence of rivet heads and edges of 
overlapping plates improves considerably the quality 
of the completed tank. That is why pipe lines for 
various purposes, mainly for gas, oil, and water, are 
so much better when welded instead of riveted. It 
may be expected that riveted pipe lines, riveted 
tanks, containers, boilers, &c., will become rather 
exceptional in future. In this field welding methods 
have already outstripped older methods. 

The reliability of the welded joint has been much 
discussed since the advent of welding. A welded 
joint is made by the manual skill of the welder, 
which is, to a great extent, less reliable than machines 


Butt Welds—Permissible Working Stresses. 


Permissible working stress in V- and X-butt welds. 


Percentage of parent metal. 


Tons per square inch. 





Great Britain 
Australia ... 
Germany ... ... 
Bridges 


100 
85 
100 
90 
100 


Austria 
Switzerland 
Czechoslovakia ... 
Hungary ... 
Belgium 


sab “aii 106 
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89 


view should be the decisive one if welding is contem- 
plated for building cranes, dredgers, ships, passenger 
coaches, goods wagons, locomotives, motor cars, 
aeroplanes, and so on. In each of these cases welding 
should be more greatly employed than it has yet been. 
Quite apart from the contemplated method of welding 
manufacturers should give more and more attention 
to the welded construction of movable parts. 

Resistance welding processes are mostly used for 
other purposes than those suitable for gas and arc 
welding. Butt welding is employed for the joining 
of heavy sections of round, square, or irregular shape, 
and modern butt welding machines are already in 
service for cross sections up to 50 square inches. 
These very big and expensive machines work auto- 
matically and, by dispensing with the manual skill 
of the worker, a welded joint of 100 per cent. reli- 
ability is secured. This process of butt welding is the 
very best way of joining crankshafts and other heavy 
section members to each other. 

Spot and seam welding are likewise resistance 
welding processes, but, contrary to butt welding, they 
are only used for very light sections, mainly for 
jointing thin sheets of steel or other metals. They 
have become indispensable in those industries which 
are working on sheet metals. One of the recent 
examples of spot welding is the fixing of the thin panel 
sheets to the steel frames of passenger coaches. Very 
wide use is made of resistance welding in the motor 
car industry, where special heavy machines have been 
put in service for welding parts of the body to each 
other, as well as to the steel frames of the doors and 
windows. It can easily be seen that in none of these 
applications could resistance welding be replaced by 
any other welding method, and that its advantages 
for the above-mentioned purposes are indisputable. 

Having dealt with the three main groups of welding 
methods, a few special applications of welding should 
be mentioned just to show some of the ideas which 
have recently been put into practice. 

In reinforced concrete construction the reinforcing 
rods have been welded either by gas or by resistance 
or by electric arc. Thus the designer is made inde- 
pendent of the available stock length of the reinforcing 
rods, as he can now lengthen them by butt welding 
without increasing the cross section of the concrete 
itself, as was necessary previously. At the Brussels 
World Exhibition last year one of the huge main 
halls of 285ft. span consisted of concrete arches, the 
reinforcing rods of which were butt welded through- 
out. It is interesting to know that welding, which 
was primarily intended to help the steel working 
industries, has thus been used so successfully by a 
competitive group of industries, e.g., the reinforced 
concrete builders. 

Another field which derives much advantage from 
the development of welding methods is the use of 
tubular members in constructions of all sorts. The 
ideal properties of the tubular section could only be 
used to the full extent after the advent of welding. 
The difficulty of jointing tubular members to each 
other or to plates or rolled material of other shapes 
has been overcome in an excellent way by welding. 
Tubular welded structures have already been erected 
in many countries,‘ and it appears that such members 
will more and more become incorporated in con- 
struction and design by *‘ welding-minded ”’ designers. 





3 J. Caldwell, paper to the Inst. Struct. Eng., London, 
February 13th, 1930. 
* Hilpert and Bondy, V.D.1.-Z., Berlin, July Ist, 1933. 
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are. Since it is not always possible to supervise 
welding work in the shop and on site, much responsi- 
bility is left with the welder. It was, therefore, 
felt that some means of testing the completed weld 
should be devised, and “non-destructive” tests 
have attracted much attention for some years. 
Three main methods exist: (1) Magnetic tests, 
(2) acoustic, and (3) X-ray tests. Although each 
of these methods has been worked out to a high 
degree of efficiency the X-ray examination alone 
appears to have been applied on a large scale, 
especially for welded boilers, ships, and in bridge 
building. Stereoscopic X-ray photographs are one 
of the most recent developments and, apart from 
the initial cost of the apparatus, this method of 
testing welds appears to be the most satisfactory. 
After all, it is the writer’s opinion that the question 
of testing welds will not be of such decisive import- 


The table shown below gives some of these 
figures referring to butt welds only. Butt welds 
have been chosen by the writer because their per- 
missible working stresses can be considered as a 
sort of ‘‘ confidence factors,” giving a good indication 
of the practical experience with welded structures 
in the various countries. It can be seen that the 
butt weld is considered to be worth 100 per cent. | 
in compression in Great Britain, Germany, Switzer- 
land, and Belgium, while the figures for tension do 
not yet go up to more than 85 per cent. in Great 
Britain and 89 per cent. in America. Although 
butt-welded test pieces of average quality will 
always break outside the weld (the reason being the 
lower yield point of the parent metal as compared 
with the yield point of the weld metal), none of the 
industrial countries has yet laid down a permissible 
stress of 100 per cent. for butt-welded joints in 
tension, and it remains still to be seen whether such 
a position will ever be attained. 

Some of the problems for future research can only 
be touched upon, as there is an infinite number of 
them and, as is usual in technical science, the more 
problems are solved the more still crop up. To 
mention a few of them: fatigue in welded joints ; 
much research will have to be done before all-welded 
lattice girder bridges are generally permitted. 
In Germany, for example, more than 200 all-welded 
plate girder bridges are already in service for railway 
traffic, but none of the lattice girder type. Another 
problem is to calculate shrinkage stresses beforehand, 
so as to be able to turn their disadvantage into an 
advantage, counteracting the working stresses under 
liveload.’ Then there are several problems connected 
with testing; it would be a great progress if X-ray 
tests could be carried so far as to indicate the internal 
conditions of stress within a welded joint. New 
developments are still to be expected by introducing 
new rolled sections for welded structures. It may 
indicate the importance of new sections that 16,000 
tons had been rolled in Germany up to the beginning 
of 1936 of the so-called “ bulge profile,” which has 
been so extensively used for welded plate girder bridges. 

In conclusion, the question may be put: What 
are we to expect from future developments in weld- 
ing? It may help us to answer that question by 
looking at the annexed diagram indicating the develop- 
ment of only one part of the welding industry, 
namely, electric welding in Germany.’ It is remark- 
able that even during the years of depression the lines 
went steadily up, the most striking increase being 
shown in the number of D.C. generators, the figure of 
which rose from about 5000 in 1932 to nearly 15,000 
in 1935. The top line, for electric power consumption, 
should attract the attention of electricity authorities, 
who might find it useful to encourage welding in 
their own interests. From the purely technical stand- 
point it may be said that welding means a technical 
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THE DEVELOPMENT OF ELECTRIC WELDING IN GERMANY 


ance in years to come as it has been during the 
years of the infancy of welding. There is, perhaps, a 
parallel to the development of the technique of 
reinforced concrete. As soon as lack of confidence 
was overcome after a few years of practical experience 
the question of testing became more or less confined 
to the actual mixing of concrete, when test cubes 
of concrete were prepared for crushing under the 
testing machine. Perhaps a similar development 
will take place as regards supervision of welding. 
Visual inspection by expert inspectors and the checking 
of the sizes of welds will prove sufficient in most cases, 
and special tests will, perhaps, only be asked for 
if welding is carried out under exceptional conditions. 

As regards confidence, which is of such importance 
with every new technical process, a good indication 
of its increase may be seen in the figures for per- 
missible working stresses in welded joints as laid 
down in the Welding Regulations of various countries. 


progress in the best sense of the word. A welded 
joint is more natural, more efficient, and more reliable 
than a joint made by any other means. If by chance 
welding had been invented first and riveting later, 
no responsible engineer would think of introducing a 
procedure which weakens the parts by drilling before 
jointing them. Fortunately, during the last twenty 
years no serious setback has occurred with welding, 
in spite of daring experiments, especially in ship and 
bridge building. In all probability the various welding 
methods will be introduced into the metal working 
industries on an ever-increasing scale. So far as can 
be seen from the development in past years, each of 
the welding methods will retain its important share. 





§ OQ. Bondy, V.D.J.-Z., Berlin, November 15th, 1930. 

6 KR. Berthold, International Acetylene Congress, London, 
1936. 

7 H. Masukowitz, International Congress for Electric Heat 
Applications, Scheveningen, June, 1936. 




















Oct. 23, 1936 


WELDING AND CUTTING 


The Engineer—iii 








Gas Welding and Cutting. 


HILST, as mentioned by Mr. Bondy in his intro- 

ductory article to this Supplement, gas is indis- 
pensable for the weiding of non-ferrous metals, weld- 
ing by the electric arc is, save in exceptional cases, 
preferred for steel. But in a great deal of work, 
particularly fabricated work, the gas jet is an 
important adjunct to the arc, for with it steel parts 
can be more quickly cut to shape than by any equi- 
valent machining method. In fact, gas cutting may 
be regarded as being as essential to modern methods 
of fabrication as electric welding itself. It is hardly 
necessary at this day to refer to the saving of costly 
patterns, the ease with which designs can be modified, 
and the facility with which special alloys, barely 
suitable for castings, can be cut to shape when the 
gas jet is used. Nor need we tell our readers that 
several cutting machines which will cut through 
great thicknesses of steel with a near approach to 
accuracy are now obtainable. Several examples 
are illustrated in these pages. The development of 
the oxy-acetylene jet and of the machine have, 
indeed, placed in the hands of the fabricator a tool 
which is just as indispensable as the lathe or the 
planer. The speed with which the work can be 
carried out is quite remarkable. We have before 
us a case of steel 14in. thick being cut at 26ft. per 
hour, and in one case a billet no less than 18}in. 
thick was cut with coal gas and acetylene at a rate 
of 13ft. per hour. It is the astonishing fact that 
cutting can be effected accurately through such great 
depths that has increased the economy of the method, 
for a pile of plates may be cut simultaneously to 
the same contour. 

One of the first industries to realise the outstanding 
advantages of oxygen machining in this connection 
was that of the heavy electrical equipment manu- 
facturers. Its service to them can be gauged from 
the fact that when the introduction of the grid system 
took place in this country they were confronted 
immediately with the herculean task of providing 
plant on large and small scales for virtually every 
part of the British Isles. As electrical engineers, 
they were naturally alive to the advantages of arc 
welding. When oxygen machining was made known 


to them they saw its value in conjunction with are 

welding, and have continued to make use of the system 

now generally known as welded fabrication. 
Previously 


they had cast the components of 











Fic. 1—CUTTING CIRCULAR RACK-—BRITISH OXYGEN 


plants—stators, switchgear, transformer covers, hous- 
ings, &c. Now, by careful designing—item by item— 
the manufacturers found that they could cut out 
from steel plate whatever shapes were necessary to 
make the parts which hitherto had been cast. These 
shapes were then readily arc welded. Since this new 
method enabled them to make one or a hundred parts 
of any shape—each of which was a perfect replica 
of the other—when or whenever they were required, 
the time hitherto spent in obtaining patterns and 





waiting for castings was saved. Further, since 
patterns were obviated, re-designing was made 
possible. 


We are informed by the English Electric Company, 
Ltd., that about twelve years ago it first employed 
an are welder at the Stafford works. At that time, 
of course, little welding was done there, and what was 
actually carried out was by the gas process. The 
main machine frames and other large machine parts 
were castings, and there was practically little or no 
fabrication carried out at the works. Approximately 
five years ago, fabrication of machine and other 


—~<~———— 


employed about thirty welders. At the present 
time, practically all machine frames and all other 
machine parts, and all transformer tanks, are fabri- 
cated and welded at these works, and between 
seventy and eighty welders are employed. As the 
technique of welding has greatly improved and 
better workshop methods have been evolved, the 
seventy to eighty welders represent a very great 
increase over the thirty welders of five years ago, 
much more than is at first apparent. 


THE British OxyGEN Company, Ltp. 


Having started business purely for the purpose of 
supplying compressed gases, principally pure oxygen, 
as the name of the company indicates, the British 
Oxygen Company, Ltd., of Thames House, Millbank, 
Westminster, has been drawn into several allied 
industries, and now produces a wide variety of 





FiG. 2—STELLITING CONVEYOR SCREW-—BRITISH 
OXYGEN 


machines and appliances for welding by gas and 
electricity and cutting with torches. A typical cutting 
machine is illustrated at work on a large circular 
rack in Fig. 1. 

In the design of the cutting machine the desirability 
of the operator having all controls conveniently at 
hand has been closely studied. The arrangement 
of the pressure gauges and speed indicator is typical 
of this point. It will also be noticed that the switches 
controlling the driving motor and magnet are at 
the end of the cutting arm, near the cutting controls. 
The speed indicator has a large 10in. dial, so that it 
can be seen from any position in which the operator 
may be standing on the working side of the machine ; 
the gauge board is provided with three pressure 
gauges, the central one indicating the condition of 
the oxygen supply—that is, the quantity of oxygen 


available—the two other gauges indicating heating 
and cutting pressures. The oxygen supply gauge 
is fitted with a warning device to show when the 
cylinder or battery has been reduced to 25 per cent. 
of its original capacity and an adjustable imdicator 
which enables the oxygen consumed for any individual 
cut to be easily calculated. A special eléctric heater, 
thermostatically controlled, is incorporated on the 
machine to warm the oxygen pressure regulator, 
and counteract the drop in temperature due to 
expansion of the gas. 

The templet and cutting arms are balanced, 
enabling them to be raised or lowered on the column 
with as little effort as possible. This also facilitates 
the cutting of large round shafts where the vertical 





parts was introduced into the factory, which then 





As in some class of production circles form a 
large proportion of the cutting, an automatic cjrcle- 
cutting device is incorporated, thus eliminating 
templets for this kind of work. The slide bar is 
graduated in inches and has two scales, one for holes 
and the other for discs. 

The work table is of all-welded steel construction, 
the material to be cut being supported on jacks, 
which are adjustable for position on heavy tee bars. 
Two side shields of the work table are detachable, 
enabling oxide scale to be easily removed, whilst 
the bottom of the oxide tray is of thick steel plate, 
eliminating buckling or sag. 

The templet supporting arm and the hinged cutting 
arms may be swung completely aside, leaving the 
work table quite clear vertically, enabling jobs to 
be lowered or placed on to the work table by means 
of an overhead crane. 

The following are the leading particulars of the 
55in. Universal machine :- 

Capacity. 
Any thickness of material from ... 


fin. to 14in. 


Longest straight cut possible . loft. 
Largest circle cut possible with auto- 

IGRI ROE fac one ane ase igen, | xe? an 
Largest square possible 4ft. 
Largest rectangle possible ..._ ... 8ft. by 2ft. 
Floor space occupied by machin 7ft. 6in. by 5ft. 
Height of machine ita 8ft. 2i 


. 2in. 
9ft. by 10ft. 6in. 


Operating space required 
ee 31 ewt. 


Weight of machine 
Except in such small matters as the standardising 
of connections, little change has occurred in the design 

















Fic. 4—BUILT UP FLYWHEEL—BRITISH OXYGEN 


of blow-pipes for the oxy-acetylene process as made 
by the British Oxygen Company, Ltd. Regulators 
have had minor modifications in design. The standard 
types all include a special safety valve device, the 
invention of one of the company’s engineers. Other 
changes include hand wheels and screw nuts in place 
of fly nuts, and a sturdier type of pressure gauge. 
Although outwardly the production of regulators may 








adjustment provided on the cutter is not sufficient. 


not appear to have undergone, much change, the 





FiG. 3—-PuUG MILL BLADES HARDZSURFACED BY OXyY- ACETYLENE FLAME-—BRITISH OXYGEN 


modernisation and reorganisation of Edmonton 
Works has, in fact, influenced the preduction and 
construction of every item in the range of equipment 
manufactured. 

Where most progress is noticeable is in the actual 
procedures or techniques of oxy-acetylene welding. 
Space prevents us from dealing in detail with any- 
thing more than two, one of which is of immediate 
concern to engineers, because of the claims advanced 
upon its behalf, and the other more particularly to 
plumbers. 

“ Rightward welding,” the first to be considered, is, 
in the opinion of the B.O.C., definitely a revolution as 
regards current practice. By tackling the question 
at its foundation the protagonists of this method claim 
that the rightward method is now indisputably the 
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best way to weld all work over jin. thick. Com- 
pared with the common practice of welding (referred 
to as leftward in contradistinction to the new 
method) a greater speed is obtained, less material is 
required for the welding, and the resultant weld has 
better properties and appearance than that obtained 
by leftward welding. 

The second development in technique referred to 
concerns the technique in the building-up process of 
the oxy-acetylene blow-pipe. In plumbing, heating, 
and sanitary work it has found favour because of its 
extreme simplicity. Heat is so localised by this 
method that there is no possibility of spoiling the 
thin walls of light gauge copper tubing. A perfect 


. Fic. 5—-RAIL BONDING—BRITISH OXYGEN 


leakproof joint is obtained, which permits uninter- 
rupted passage in the pipe. This type of joint is 
homogeneous and readily made. 

As an illustration of the efficacy of bronze welding 
the company tells us that on one large housing estate 
of over 1000 dwellings £1 per house was estimated 
to have been saved by its use. As a further means of 
facilitating the plumber in his use of bronze welding 
by the oxy-acetylene process a series of weldable 
fittings have been designed which so simplify the 
procedure of jointing that any operative with a few 
hours’ tuition can produce a satisfactory joint. The 
King’s House, Burr Hill, the new St. Pancras Town 
Hall, and the ‘“‘ Queen Mary ”’ are among the many 





reproduced. On the railways much experiment has 
been carried out in connection with the surfacing of 
rails. Reinforemg pug mills mixer blades with 
stellite in a brickworks has, we are informed, 
lengthened the life of treated parts at least six times. 
The longer life, moreover, has incidentally saved the 
time previously spent in fitting new blades. Better 
bricks are now obtained since the stellited blades 
retain their shape longer and so produce a better 
mixture. To appreciate fully the difference made by 
stelliting, it should be noted that the brickmakers 
could not afford to replace blades immediately wear 
set in, but used them until they were considerably 
worn. 

Two types of brickmaking machines were con- 
cerned : the single mixer type, consisting of a trough 
with a series of knife blades at the bottom, and the 
double mixer type with two shafts rotating in oppo- 
sition, the shafts being ‘“‘ feathered ’’ with blades. 

Knife blades for single mixer machines cost Is. 8d. 
each. Stelliting them (material, gases, and labour) 
costs approximately 4s. 4d. per blade. Pug mill or 
double mixer blades cost 5s. each and the treatment 
(material, gases, labour) 15s. 6d. per blade. 

Although in both cases it must be noted that the 
cost of stelliting amounts to several times more than 
the original blade costs, the lengthened life more than 
repays the users. The faced mixer knife lasts six 
to seven times as long as the unfaced, and, similarly. 
the pug mill blade five to six times as long. 


HANCOCK AND Co. (ENGINEERS), LTD. 


Two types of oxygen cutting machines are made by 
Hancock and Co. (Engineers), Ltd., of Progress Way, 
Croydon, and we include illustrations of two typical 
specimens in Figs. 6and 7. They are, respectively, 
of the stationary and portable types. 


The illustration Fig. 6 shows a stationary type of 


machine in use in many fabrication shops to-day. 
This machine will operate directly from a drawing, 
which is placed on the large table, the operator guiding 
a mechanically driven tracer wheel over the line. If 
desired, the machine can be quickly set up for auto- 
matic operation, either for cutting circles or straight 
lines, but for irregular shapes a template is required. 
The templates are quickly and easily set up. The 
large table is swung over, a drawing of the shape laid 
on it, and a number of little chairs are pressed in 
along the line, about 3in. apart. A length of alumi- 
nium strip is then bent to conform with the outline 
and fixed in the chairs. In place of the wheel, which 
is used to follow a line, another attachment is fitted 
to the machine having two differentially driven rollers 
which grip either side of the strip. A template of this 
description can easily be used many hundreds of times 




















FiG. 6—STANDARD PROFILING MACHINE—HANCOCK 


notable contracts in which bronze welding has been 
employed. 

Although not strictly within the subject of the 
Supplement, surfacing or hard facing by the gas 
jet must be mentioned. The process of the Shorter 
Process Company—an associate of the British 
Oxygen Company—utilises the oxy-acetylene flame 
in conjunction with water for hardening purposes. 
This process enables localised hardening to be carried 
out without distortion. Apart from the hardening of 
gears, the building-up of worn surfaces by the oxy- 
acetylene blow-pipe is of universal interest, and a 
few illustrations which speak for themselves are here 





for reproducing a shape. Another form of template 
can also be used, cut from plywood to the exact size 
of the artjcle required. In this case a small mech- 
anically driven vertical roller is used to provide the 
motion. This machine has duplicated controls for 
oxygen, electric motor, and burner height adjustment. 
When cutting circles, straight lines, or operating direct 
from a template, operation is better carried out at 
the burner. For operation from a drawing it is, of 
course, essential to control the machine from the 
back. The burner on this machine can be set either 
vertically or at a bevel for cutting straight lines in 
any direction. A fitting can also be provided enabling 


circular cuts to be made automatically and, if desired, 
the machine will cut out automatically shapes which 
are formed by combinations of straights and circles 
without a template. Machines of this type are also 
supplied with two or more burners for giving increased 
production, or for cutting the inside and outside dia- 
meters of rings simultaneously. These machines are 
made in three sizes capable of cutting plates from tin. 
up to 8in. in thickness. 

A typical example of the portable typo 
shown in Fig. 7. This machine is mechanically 
driven and can be used for making straight cuts by 
running the machine on a channel or girder placed on 
the plate, or by the use of a length of angle iron as a 
guide. It will also cut circles from 4in. diameter 
upwards by means of a centre, having a point 
resting in a centre pop and connected to the machine 
by a length of fin. diameter bar. It is also possible 
to guide the machine along a line marked out on the 
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Fic. "—CIRCALINE CUTTING MACHINE—HANCOCK 


plate, providing no very sharp curves have to be 
negotiated. It will cut vertically or at a_ bevel 
up to 45 deg. Another useful machine of the 
portable type is one which carries two burners and 
may be used for cutting up large plates into straight 
strips, cutting both sides of the strip simultaneously. 
The non-backfiring burner is operated by a single 
valve for heating and cutting oxygen and is fitted 
with a swivelling head to enable bevel cuts to be made. 
The speed range is from 3in. to 27in. per minute and 
is instantaneously set by means of a sliding pointer 
and graduated scale. The machine is started, stopped, 
and reversed by a single switch. 


Wan. Moyes aAnp Sons, Lrp. 


Among the old-established firms manufacturing 
acetylene plant there is that of Wm. Moves and Sons, 
Ltd., of 142, Waterloo-street, Glasgow, C.2-—it was 
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Fic. 8—BACK - PRESSURE VALVE—MOYES 


started in 1879—one of whose plants we illustrate in 
Fig. 9. This plant is of the carbide-to-water type, 
that is to say, the carbide is gradually added to an 
excess of water, an arrangement which is admitted 
to produce the best quality of gas, for not only is the 
temperature of the gas during generation maintained 
at a moderate degree, but also the gas is washed as it 
bubbles up through the water. The plant shown in 
Figs. 9 and 10 has two generators and one gas- 
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holder, and has a total carbide capacity of 450 lb., 
but it can be arranged with one up to four 
generators. In it the downward movement of a gas 
bell causes a weight to come into contact with an 
adjustable table, which raises an attached cone and 
liberates a small quantity of carbide, the evolved gas, 
by immediately lifting the bell, allows the weight to 
pull the cone down on to its seating and at once 
prevents more carbide from falling until gas is used, 
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FiG. 9—CARBIDE - TO - WATER 


when the bell again sinks. Granulated carbide is 
used, and can be shovelled into the hopper easily 
and quickly. The residue is drawn off in the form of 
sludge by simply turning the main drain cock ; con- 
squently, the plant is very simple to control. Plants 
have been made by the firm for taking a charge of 
24 tons of carbide in each generator. 

Besides a great variety of blow-pipes, both for 
welding and cutting, this firm makes the form of 
hydraulic back-pressure valve illustrated by the 
sectional drawing, Fig. 8. 

With the injector type of blow-pipe, where acety- 
lene is drawn direct from the generator or from an 
intermediate gasholder, the use of this valve is a 
necessary precaution. It should be affixed on the 








Fic. 10—-ACETYLENE GENERATOR—MOYES 


acetylene supply pipe in a vertical position, and as 
near to the blow-pipe as possible. In cases where two 
or more blew-pipes are worked from the same acety- 
lene supply a separate hydraulic valve should be 
employed for each. The hydraulic valve precludes 
the possibility of oxygen at any time flowing back 
along the acetylene supply pipe. Its action is apparent 
from the illustration. 

The acetylene pipe from the gasholder is connected 
with the branch A, and the acetylene pipe leading 
to the blow-pipe is connected to the branch B. C is 
a loosely fitting lid through which water can be 
poured into the chamber D until it overflows at the 
tap E. The tap at A must be closed whilst the chamber 
D is being filled with water. When water shows at 


and the tap at A opened. Should the blow-pipe nozzle 
at any time become choked whilst the oxygen supply 
remained unchecked, this gas would be forced by its 
superior pressure along the acetylene pipe. The back 
pressure thus caused acting on the surface of the water 
in the chamber D would force this water up the pipe 
F, displacing the lid C. The hydraulic seal would thus 
be destroyed, and both gases would escape into the 





GENERATOR 


atmosphere until the taps of A and B were closed ; 





Boundary-road, Westbury-avenue, Green-lanes, Wood 
Green, London, N.22, 

It is a machine in which the torch is carried by a 
doubly articulated arm from a substantial column—in 
fact, the whole construction reminds one of that of a 
milling or shaping machine. The work-piece is fixed on 
a table, which may be designed to carry masses up to 
8 tons in weight and 15ft. in diameter. The torch is 
supplied with gases by flexible tubes and is guided round 
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HOLDER GENERATOR 


thus oxygen can never penetrate the acetylene supply 
pipe beyond the tap of the hydraulic valve. 


THE DarGuE ACETYLENE Gas Company, LTD. 


The water-to-carbide system of. gas generation is 
adopted by the Dargue Acetylene Gas Company, 
Ltd., of 57, Grey-street, Newcastle-on-Tyne, and the 
extent of generation is controlled by the rising and 
falling of a gas bell, which operates a water valve. 
The machine illustrated by the sketch Fig. 11 is a 
portable cutting plant, and is noteworthy on account 
of being of rectangular form. Most generators are, of 
course, circular, but the square shape provides a 











FiG. 11—-ACETYLENE GAS GENERATOR—DARGUE 


greater capacity for the floor space occupied. The 
actual dimensions are 2ft. 10in. by lft. Llin. by 
lft. 2in. In the illustration the water tap is shown at 
C and the main gas tapat D. B is the lid of the carbide 
container and E the gas outlet to the blow-pipe. 
H._J is the cap of the relief valve F, of which L is the 
drain plug. K is a drain plug for the main container. 
The gas in this plant is bubbled up through the water 
in a fine spray, so that it is cooled and purified. 


THE GopFREY ENGINEERING WORKS. 
We have frequently referred to the oxygen torch 





the tap E it must be closed, the lid C must be replaced, 








SECTION OF GENERATOR 


Q 


Gas GENERATOR—MOYES 


the work by a small electric motor. This guidance may 
be effected for simple geometrical forms by a series 
of guides or may be made to follow the contour 
of a template. An easily operated gear-box provides 
a wide range of travelling speeds. One type has two 
compound traversing slides, 7.e., a main slide and a cross 
slide, with automatic screw feeds, which can be mani- 
pulated manually exactly as on a milling or slotting 
machine, enabling much work to be done without the 
use of any template. It will cut square or oblong holes 
from ljin. by ljin. up to 3ft. by 3ft. without a 
template, and by means of trip actions on each 
traverse, which automatically stop the cut at the 
required distance, the cut can be exactly duplicated 
without resetting. The circular motion on the cross 
slide enables circular holes or blanks to be cut in 
plates from 1}in. to 36in. in diameter in graduations 
of 3in. This circular attachment can be brought 
into correct position by means of the screw feed on the 
traversing slides. A removable graduated bar scaled 
in thirty-seconds of an inch controls the path of the 
torch so that it can be set to the size of hole required 
without the necessity of making any measurement. 
A rotating work table also serves as an adjustable 
table that can be moved to any position relative to 
the machine, so that discs or holes up to 15ft. diameter 
or more can be cut. A mandrel fits into the centre of 
the table, whereby collars, cams, &c., can be quickly 
made. This mandrel is equipped to carry a template 
at the top, enabling irregular shapes to be cut. A 
division plate is arranged below the table, so that 
large square, hexagon, or octagon nuts and other 
pieces can be cut without a template, also gear wheels, 
circular saw teeth and regularly spaced holes of any 
shape in any size of disc. For simple irregular shapes 
templates can be made out of plywood. The machine 
illustrated by Fig. 14, is generally similar to that 
described but is not fitted with a rotating table. 

For complicated shapes each machine is equipped 
with 4 specially designed automatic attachment, 

together with a special machine for cutting compound 

plywood templates. These two devices greatly enlarge 

the scope of the machine, and permit the carrying out 

of commercial designs which would otherwise be 

impracticable. Both traversing slides and the rotary 

attachment on the cross slide can all be worked 

simultaneously. The torch, using dissolved acetylene, 

will readily cut any thickness of steel up to 10in. 

in a satisfactory manner. It is specially suitable for 

machine cutting and can be adjusted to any angle up 

to 45 deg. for bevel cutting. In addition to the 

valves for adjusting the heating flame, there is a 

master control lever which will cut off the heating 

and cutting flame simultaneously, and by simply 

reversing the lever and relighting the jet work can 





cutting machine made by the Godfrey Company, of 





immediately be resumed without readjustment of the 
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gas mixture. All the valves have graduated dials, 
so that exact and known adjustments can be made 
instantly. Not only the pressure but the volume of 
the heating flame can be adjusted. The machine is 
fitted with a speed regulator to give required variable 
speeds for various thicknesses of metal. The control 
lever is right at the operator’s hand, and the speed 





operator should be able immediately to cut off the 
gases at will without releasing his grip on the handle, 
and restart the flame directly it is required. In this 
way gas is not wasted during the change of welding 
rods, inspection, and so forth, while there is a reduc- 
tion in the risk of surroundings being set on fire by a 
carelessly dangling torch. The device is really quite 
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FiG. 12—CONSTRUCTION OF BLOWPIPE—B.1.G. 


can be changed while the cut is in progress. The 
operator can be watching the cut and alter the speed 
when necessary, without stopping or changing his 
position. All the moving parts are fitted with ball 
bearings and ball thrust washers; this naturally 
minimises friction and to such an extent that a 
} H.P. electric motor will operate the machine. 


British INDUSTRIAL GASES, LTD. 


Among the novelties which have recently been 
brought out by British Industrial Gases, Ltd., of 32, 
Victoria-street, Westm.nster, there are two inter- 

















Fic. 13—BLOwPIPE—B.!.G. 


esting items, which we illustrate. They are a blow- 
pipe, which is claimed to be very easy to handle and 
to economise gas considerably—see Figs. 12 and 13- 
and a gas-pressure reducing valve that ensures really 
accurate pressure regulation—see Figs. 15 and 16. 
The general idea of the blow-pipe is that the 





simple, as will be seen from the drawing. It com- 
prises two needle valves in the handle, placed after 
the usual regulating valves, which are operated by a 

















FiG. 15—-GAS PRESSURE REGULATOR—B.!.G. 


common crosshead. This crosshead is worked through 
a connecting-rod by a thumb piece protruding through 
the side of the torch handle. The thumb piece is 
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FiG. 14-FLAME CUTTING MACHINE—GODFREY 


generally of the type shown in the drawing and in the 
lower view of Fig. 13 ; but for the special convenience 
of motor car body builders, the arrangement with a 
lever, as shown in the upper view, has been produced. 

It will be noticed that the crosshead acts on the 
needle valves through the intervention of two set 
screws, and that one of these provides a certain amount 
of back lash. In this way the acetylene valve is 
opened first and closed last. There is also a small 
acetylene by-pass, which can be regulated for keep- 
ing a pilot flame alight. It is obvious that when a 





FiG. 16—DESIGN OF PRESSURE REGULATOR—B.!.G. 


mixture of gases appropriate to the work in hand 
has been set by the main regulating valves, the flame 
can be extinguished and relighted directly by the 
thumb action without affecting the character of the 
flame. It is, however, necessary to operate the 
trigger with reasonable deliberation or the flame may 
pop out. 

The gas pressure regulator shown in Figs. 15 and 16, 
which is known as the multi-stage precision regulator, 
has been designed with the object of providing a more 
exact flow of gas from high-pressure bottles than has 
been possible in the past. In it the gas pressure is 
reduced to working requirements in two stages by 
spring-controlled valves. The first stage valve is of 
a very robust character and breaks down the pressure 
to a reasonable amount, while the second stage is more 
precise in its action and can be adjusted to provide 
the desired pressure regardless of the demand for 
quantity of gas. The instrument is made of forged 
bronze, has no soldered joints, and is equipped with 
two pressure gauges, for the initial and the final 
pressures. 


BARIMAR Lip. 


It is generally recognised that by the use of modern 
welding materials and apparatus a fusive join, 
efficiently performed, can possess a degree of strength 
which not only equals that of the parent metal, but 
sometimes even exceeds it. 

Although research workers are not neglecting this 





FIG. 17—*“SOPROMO'"’ AND OXY - ACETYLENE 
FLAMES—BARIMAR 


important aspect of welding, considerable attention 
has been devoted lately towards improving the 
appearance of work of this nature. An experienced 
welder knows that minute pitting on the surface of a 
weld which has been machined does not weaken the 
part in any way, although it sometimes prevents a 
superfine surface being obtained. 

The reason for this pitting is explained by the 
action of the oxygen in the atmosphere upon the 
metal whilst it is in a molten condition. Until 
recently these pit marks have been regarded as 





inevitable, but this is no longer the case. The 
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problem has been solved in the case of electrical 
welding by enveloping the point of fusion in a “‘ field ”’ 
of hydrogen. Several schemes of this kind have 
recently been referred to in our columns of patent 
specifications. It is possible to supply the requisite 
gas from pressure cylinders, but in the Barimar 
welding works a special electrode is used which is 
coated with a chemical compound, an adequate 
supply of hydrogen being released as the work 
proceeds. 

The result is, not-only to provide a weld in which 
subsequent machining can disclose no blemish, but 





FiG. 18-WELDING IN HYDROGEN “‘FIELD’'’—BARIMAR 


the nature of the metal is such that finishing 
operations are facilitated. 
Another method which Barimar Ltd., of 14-18, 


Lamb’s Conduit-street, London, W.C.1, have used 
with considerable success concerns a method whereby 
the temperature of the oxy-acetylene flame can be 
governed by the addition of coal gas. This is known 
as the ‘ Sopromo ” system and is particularly useful 
because it allows the temperature of the flame to be 
reduced to less than the boiling point of iron, whilst 
still remaining well above melting point, and here 
again the result is a notably pure weld. The relative 
appearances of a ‘“ Sopromo’”’ flame and a normal 
oxy-acetylene flame are illustrated above and below 
in Fig. 17, which clearly demonstrates the difference. 


A further advantage of the Barimar “ Sopromo ” 
mixer, as the apparatus is called, is that it gives the 
welder greater control over the speed of welding. This 
is particularly useful with some intricate repairs, 
which, by ordinary methods, have to be carried out 
with such rapidity, in order to prevent overheating, 
that it is difficult for the welder to be so painstaking 


Figs. 19 and 20. The crankshaft bearings are carried 
in that portion of the main casting which was broken 
entirely away. 

The welding engineers in this case were not only 
called upon to handle metal of considerable thickness, 
but at the same time a high degree of accuracy was 
essential in order to ensure perfect alignment, without 




















as he would like to be. The somewhat lower tempera- 
ture of the welding flame of the ‘‘ Barimar-Sopromo ” 
mixer is of great value in such cases. 

Amongst the large number of heavy machine com- 
ponents repaired by welding methods, power presses 
of various types are fairly frequent. Failure is nearly 
always due to carelessness on the part of the operator, 





an instance of this being the example illustrated in 





FiGs. 19 AND 20—EXAMPLE OF PRESS REPAIRED BY WELDING—BARIMAR 


which the press could not function with satisfaction 
or safety. Complete success attended the repair and 
constant service has since demonstrated the soundness 
of the work. 

In comparison with the cost of a new casting the 
outlay on the fusive work required was relatively 
low, and there is no reason why the life of this press 
should in any way be reduced. 








Electrical Arc 


r obtain clear ideas of the design and operation 

of electric arc welding plant it is essential to con- 
sider the mechanism of striking and maintaining a 
metal are and its characteristics. Striking consists in 
placing the electrode in contact with the work and 
withdrawing it a short distance. When the circuit 
is completed in this way sufficient current flows 
to raise the electrode temperature at the point of 
contact so that metallic vapour is formed and 
electrons are liberated. Owing to the formation of the 
arc when the electrode leaves the work, the current 
continues to flow and the potential difference between 
it and the work is practically constant for a definite 
length of arc, and for currents greater than the 
critical value for the electrode used. From Fig. 21, 
which shows the relation between voltage and current 
(or the are characteristic), for a typical metal electrode 
and fixed are lengths, it will be observed that the 
are voltage is nearly constant for eurrent valucs 
above 200, and that the critical value of the current 
is approximately 170 amperes. If the voltage and 
current of the supply to the are (known as the supply 
characteristic) follow the straight lme X X, the 
electrode will take 200 amperes at 20 volts, but if 
the supply characteristic be X Z, the are cannot 
operate. 

Owing to the fact that the thermal conductivity 
of metals is high, it is difficult to strike an are with 
bare wire with A.C. of normal frequency. At each 
reversal of the current the heated vapour within the 
are gap cools and loses its conductivity even when 
the period between each reversal is 1/; 99th of a second. 
If, however, special apparatus be used to raise the 
frequency to 150 per second to reduce the time 
between each reversal to 1/, 9th of a second, this 
defect is removed. This fact has led to the design 
of special high-frequency machines to supply the are. 

For each are length there is its own are characteristic 
as shown in Fig. 21, but as long as the supply charac- 
teristic, under both static and transient conditions, 
intersects the are characteristic, the arc will be 
maintained at any reasonable length. Metal is 
deposited from the electrode in drops, and as each 
drop passes across the gap a partial short circuit 
oceurs. When a record of the arc current and voltage 
is taken by means of an oscillograph, the number of 
drops of metal passing per second can be counted. 
According to the type of electrode used as many as 





twenty or as few as five drops of metal per second 
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may pass across the gap, and provided a suitable 
supply is maintained this will show on the oscillo- 
graph anything between twenty and five alternations 
of the arc voltage and current every second. If the 
supply to the are is from a constant voltage circuit 
through a resistance or from a well-designed self- 
regulating dynamo, the voltage and current fluctua- 
tions arising from the passing of the metal drops 
may be as low as 10 per cent. of the average values 
of the E.M.F. and current respectively, but even 
with modern self-regulating machines the natural 
oscillation period of the are circuit, which naturally 
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FiG. 21—CHARACTERISTIC ARC CURVES 


includes the armature and other circuits, may be 
such as to resonate with the drop fluctuations, 
thus causing current surges. When these occur 
welding becomes difficult, as the arc keeps breaking 
when the surge carries the eurrent below the critical 
values. 

From the point of view of the design of weldmg 
plant, the effects of covering the electrodes with 
some form of metallic oxide, sometimes in conjunction 
with asbestos, are (a) to raise the are voltage appre- 
ciably, and therefore to reduce the current flowing 
for the same expenditure of energy ; (0) with suitable 
material it becomes practicable to strike the arc 


the number of drops of metal per second crossing the 
are gap is reduced from twenty on bare wire to five 
for the thickest coating now in use. A universal 
generator to deal with both covered rods and bare 
wire will need to be capable of giving arc E.M.F.’s 
varying from about 12 to over 40 volts, and for 
A.C. welding specially covered electrodes are generally 
considered necessary. The reasons for covering the 
electrodes on normal circuits are that as the rod is 
lagged heat is not conducted so rapidly from the gas 
column and metallic oxides have greater powers of 
ionisation than metals. It is therefore comparatively 
easy to manufacture rods that give good results on 
A.C. supplies of normal frequency. 

For D.C. work rotary plant is, of course, employed 
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FIG. 22—DYNAMO CHARACTERISTICS 


whilst for A.C. work the equipment consists of a static 
transformer and accessories. For D.C. work a dynamo 
with a drooping characteristic has gained widespread 
favour, and large manufacturers in Europe and 
America have standardised units of this kind. Very 
large numbers of single-frame machines with A.C. 
driving motors are made. In the United Kingdom 
the dynamo is commonly made in two sizes, 
viz., 200 and 300 amperes. The dynamo may 





and weld with A.C. of normal frequency, and (c) 


be belt driven when used in repair shops and garages, 
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and petrol or heavy oil engine driven when used 
on railways, pipe lines, and in other situations where 
no other power supply is available. The dynamo 
may also be combined, usually in one frame, with 
A.C. or D.C. motors where such supplies are available. 
Two dynamos are sometimes built into one frame and 
driven by any of the foregoing means, the two units 
being provided with a paralleling switch in order that 
current values up to twice that of each element can 
be supplied to a single arc. Static plant can, 
naturally, only be used where there is a suitable A.C. 
supply. An analysis of the sets delivered by one of 
the largest suppliers of are welding plant in the 
United Kingdom during the period of about eighteen 
months shows that about as many arcs are supplied 
by static transformers as by rotary plant, and that 
90 per cent. of all the. equipments supplied are for a 
maximum capacity of 200 amperes. 

Although single generator plant has gained much 
favour, in some of the larger factories and shipyards 
low constant voltage D.C. circuits have been run and 
the individual ares are supplied through resistances 
which naturally involve waste. These constant- 
voltage D.C. circuits are usually supplied from a 
special D.C. compound-wound dynamo driven from 
any suitable source, the E.M.F. being as high as 
100 volts or as low as 40 volts. The higher the E.M.F. 
of the constant-voltage supply the greater will be the 
waste in the resistance, and from this point of view 
as low an E.M.F. as possible should be adopted. 

It is a condition of satisfactory welding that the 
power in the are should be nearly constant for small 
fluctuations in the length of are produced by the 
operator’s movement or owing to globules of metal 
falling off the electrode. With a 30-volt arc this is 
only obtainable when the level E.M.F. is 60 volts, and 
as ignition can be obtained with any type of metal 
electrode at this pressure there is no need to use a 
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of the series opposition coils by means of tappings 
or diverters. Sometimes a combination of both 
methods is used. 

Another type of dynamo, known as the split-pole 
type, is standardised by one British manufacturer. 
Each pole is divided into two parts, known as main 
and auxiliary poles. The former is wound with a 
coil which may be separately excited from any source, 
while the auxiliary pole is provided with a series 
winding. The diagram, Fig. 23, shows the arrange- 
ment of the windings, poles, and brushes, the auxiliary 
pole being equivalent to a wide interpole on a 
standard dynamo. If the brushes are moved to the 
most forward position, the characteristic for the 
smallest electrode is obtained, whilst if they are 
placed near the neutral position maximum current 
is given. As the auxiliary pole is wide good com- 
mutation for all brush positions is assured. Moreover, 
the movement of the brushes need net be great, as 
the opposition M.M.F. is obtained both from the 
auxiliary winding and the armature winding itself. 
The machine gives a suitable static characteristic 
for any size of electrode, the adjustment of the current 
for various sizes of electrode being obtained by 
brush shafting. Either separate excitation or a 
third brush is required, and as the machine is not 
inherently fast in operation, good welding calls for a 
choke in the are circuit. 

Another type of dynamo known as the cross-field 
type, the earliest form of which was invented by 
Dr. Rosenberg some thirty years ago, is shown in 
Fig. 24. As in the dynamo just described, it has main 
poles and auxiliary poles. The latter are compara- 


tively narrow and are used to create a current in the 
armature flowing in the cross short-circuited brushes, 
which serves to magnetise the field. The interpoles 
are excited by series coils carrying the are current 
highly 


and become saturated. The magnetism 








of special electrodes many opponents of A.C. 
were converted, although it has to be admitted that 
for certain kinds of work, such as welding with bare 
wire, D.C. scores. The fact of the matter is that both 
systems have their fields of usefulness, but by way of 
showing that all manufacturers of welding sets are 
not in agreement, the views expressed by Messrs. 
J. H. Holmes and the English Electric Company may 
be given. The case for D.C. is made by the former 
firm, which, following the usual rule, contends that 
D.C. is desirable from the point of view of safety. 
In support of this contention attention is drawn to the 
memorandum on electric arc welding issued by the 
Home Office in connection with the Factory Act. 
An abstract from this memorandum reads as follows : 
“When D.C. is used . . . the danger of a serious shock 
is practically negligible, and for this reason alone the 
use of D.C. is to be preferred whenever it is available 
or can reasonably be made available. With A.C., on 
the other hand, there is a risk of serious damage from 
shock under certain conditions. It is recommended 
that for welding on stagings, &c., such as in ship con- 
struction and repair and building work, and for work 
inside boilers, the welding should be by D.C. only.” 
Continuing its arguments in favour of D.C., this firm 
states that owing to the method of choke control 
used to regulate the current and voltage, A.C. sets 
have a very low power factor and in most cases they 
impose a considerable unbalanced load on the supply 
system. D.C. sets, on the other hand, driven by A.C. 
motors give a perfectly balanced load of high power 
factor. The ease of manipulation of a D.C. are makes 
it possible to use cheaper labour or cheaper electrodes 
than is possible with A.C. equipment, for which only 
heavily fluxed electrodes are really suitable. This is 
considered to be a very important point, since the 
cost of labour and electrodes usually constitutes 
80 per cent. of the total cost of welding, the remainder 
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FiGs. 23 TO 25—EXAMPLES OF SELF-REGULATING DYNAMOS 


higher circuit pressure. When the level voltage is 
less than 60, are striking apparatus, consisting of a 
reactance coil in the are circuit, is usually necessary. 
The design of a self-regulating dynamo presents 
three problems: (a) to obtain a suitable volt-ampere 
characteristic on maximum output; (6b) to provide 
for regulating or adjusting apparatus so that suitable 
volt-ampere characteristics are obtained for all sizes 
of electrodes to be used; and (c) to see that 
under all transient or quick changes the static 
volt-ampere characteristic is not seriously departed 
from. Many types of dynamos employing different 
methods have been manufactured to meet these 
requirements. With regard to (6), not only is a 
suitable drooping characteristic required for the 
maximum value of the current, but other character- 
istics are needed to suit all sizes of electrodes within 
the capacity of the machine, whilst slight adjustment 
in the current will be required to give the most suit- 
able welding with a given size and type of electrode. 
A standard 200-ampere generator usually has to deal 
with any size of electrode from 14-G. up to 4-G., and 
straight series regulation is often adopted to vary 
the current between the limits. These types are 
dynamos with separate excitation and_ series 
opposition coils wound on the same pole so that 
as the current increases the voltage at the main 
terminals decreases. The maximum or short-circuit 
value of the current is reached when the magnetic 
strength of the opposition coils is practically equal 
to that of those supplied from the separate exciter. 
The volt-ampere characteristic of this type of machine 
is practically a straight line, as shown at A in Fig. 22. 
A modification of this type of dynamo is a machine 
in which a third field or shunt winding is provided 
and self-excited from the terminals of the dynamo. 
These two types require a separate exciter or the 
equivalent in the form of a third brush, and if care- 
fully designed they may be applied directly to the 
are terminals. In the older types of these dynamos 
the fluctuation of both current and arc E.M.F., when 
the machines were applied directly to the arc, were 
too ;reat to give good welding, and either a choke 
or ak injection transformer was included in the are 
circuit to reduce the amplitudes of these fluctuations. 
In both these dynamos the current setting for the 
various sizes of electrodes is usually accomplished 
by varying the strengths of the shunt fields by means 
of a shunt regulator, or by varying the strengths 





produced by the arc current causes a voltage to 
be set up across the short-circuited brushes, which, 
in turn, creates an armature current which serves to 
megnetise the main field poles, which are devoid of 
coils. Meanwhile, a current also flows in the are 
circuit from the main brushes, and the M.M.F. of 
the armature on this axis opposes that of the auxiliary 
poles, thus reducing the magnetism from these poles 
almost to zero when the largest or short-circuit 
current flows in the arc circuit. 

Suitable characteristics for any size of electrode 
can be obtained, the approximate shape of these 
being given at C D in Fig. 22. The adjustment of the 
current for various sizes of electrodes is obtained by 
altering the cross section of one of the interpoles, 
so that there is less magnetic flux for small electrodes. 
As indicated, the excitation is obtained by using an 
extra set of brushes on the commutator, the magnetis- 
ing current being carried in the armature conductors. 
If well designed the machine is inherently fast in 
action and does not require any extra means to 
ensure reasonable welding when applied directly 
to the arc. 

A machine that also gives good results is shown 
in Fig. 25, in which the M.M.F. of the series winding 
on a pole is opposed by the armature reaction M.M.F. 
on the leading half of the pole and helped on the 
lagging half. If it is desired to arrange the dynamo 
to give practically no voltage (short-circuit condition) 
at a certain current value, the flux entering the leading 
half of the pole must be nearly equal to that leaving 
the lagging half of the pole face, and to obtain this 
condition at that current the flux to the lagging half 
of the pole face is fed through a path that is highly 
saturated. If the current in the arc circuit tends to 
fall, a slight flux difference will arise in favour of the 
lagging half of the pole face, and the difference sets 
up an E.M.F. at the dynamo brushes, which is 
augmented, in turn, by the self-excitation of the 
dynamo. With this type of dynamo, which is 
supplied by Murex Welding Processes, Ltd., remote 
control is easily effected. 


A.C. Versus D.C. 


Just as the relative merits of A.C. and D.C. for 
power and traction purposes have been widely dis- 
cussed, so has much diversity of opinion been 
displayed concerning the use of these two 
kinds of current for welding. With the advent 





being composed of interest on capital, depreciation, 
maintenance, and power. Even relatively large 
savings in these latter items produce but small effects 
on the total cost of welding, and the superior welding 
performance of the D.C. equipment will usually effect 
saving in the major cost items which more than pay 
for the extra capital and power costs of the equipment. 
A.C. is not really suitable for welding certain non- 
ferrous metals, such as copper and aluminium, or for 
use with bare wire or lightly fluxed electrodes. D.C., 
on the other hand, is not subjectto these limitations. 
For many applications where an A.C. supply is not 
available D.C. sets are used that are driven by D.C. 
motors, by petrol, oil, or steam engines, or by belts 
from existing line shafts. D.C. equipment can, in fact, 
be used in any circumstance, whereas A.C. transformer 
equipment has a much more limited application. 
Another disadvantage of A.C. equipment, particularly 
of the multi-operator type, employing long leads, is 
that unless outgoing and incoming leads are run very 
close together the loss of voltage arising from reactance 
drop may become serious. The trouble is, of course, 
obviated in the case of D.C. supply in which only 
resistance drop is effective. It is not doubted that 
under suitable conditions good results can be obtained. 
with A.C. equipment, but it is believed that D.C. is 
better and in a considerable number of cases the only 
system capable of solving the are welding problem. 
Very different views are expressed by the English 
Electric Company, which manufactures both types of 
equipment and uses them regularly in its welding and 
fabrication shops. Apart from the ease with which 
A.C. can be transformed, its use in connection with 
welding is claimed to offer a number of noteworthy 
advantages. With the use of heavy-gauge electrodes 
and the consequent high welding currents, the mag- 
netic blow effect associated with the D.C. process 
makes it difficult to deposit good quality weld metal 
in awkward places, such as inside tanks, corners, and 
joints requiring overhead welding, whereas the A.C. 
process entirely eliminates this disadvantage and has 
led to its general adoption for heavy current welding. 
In America, where D.C. welding has gained much 
favour, it has been recognised that the A.C. process 
offers marked advantages and A.C. welding equip- 
ments have been developed there for 500, 700, and 
1000 amperes per operator. The progress in high 
current heavy gauge welding has not been quite so 
rapid in this country, but equipments for the supply 
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of 400 amperes per operator are becoming common. 

Apart from being considerably cheaper in initial 
cost than D.C. machines, A.C. equipment is shown to 
be considerably more efficient. Another advantage 
which the firm claims for the A.C. system is that it 
compels the operator to keep the are consistently short 
during welding, thereby giving good penetration of 
the deposited metal into the parent metal without 
making it difficult to maintain the are. With the 
English Electric Company A.C. equipment the 
operating power faetor is in the neighbourhood of 0-5 
on an average multi-operator set. This, it is explained, 
is not such a serious matter as it might at first sight 
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appear, as the welding load of the average workshop 
is but a small proportion of the total load and the 
reduction of power factor is not usually sufficient to 
affect any tariff rebate allowed by the supply com- 
pany for @ good power factor. In any case it is, of 
course, always possible to correct a low power factor 
by means of static condensers, but their use is not 
recommended except in the case of large installations. 
When allowance is made for changing electrodes, de- 
slagging, &c., the time actually spent on welding is 
about 40 per cent. of the time the plant is connected 
to the supply system. During the remaining 60 per 
cent. of the time the plant only draws sufficient elec- 
trical energy to meet the no load losses. For the 
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FIG. 27—OSCILLOGRAPH RECORDS 


welding of certain non-ferrous metals, such as copper, 
D.C. is admitted to be essential, and it is also realised 
that it is desirable for bare wire welding. 

Obviously both systems have their fields of 
application. 


ARC WELDING EQUIPMENTS. 


It will have been gathered that, apart from the 
fact that the output voltage of welding equipment 
must fall automatically from the striking value to the 
welding value, the performance under welding 
conditions is of great importance. The transient 
characteristics determine to a large extent the 


results obtained. In other words, the dynamic 
characteristics must be satisfactory. The current 
should rise rapidly when the arc is struck, but should 
not overshoot the set value to an excessive extent, 
otherwise the electrode will stick to the work, although 
a certain amount of overshoot is helpful in the way 
of giving a good start to the welding operation. 
With varying are lengths the current should remain 
stable to ensure smooth and efficient operation. This 
feature depends largely on the rate of voltage response 
to changes in are length. The voltage should recover 
rapidly from welding conditions or short-circuit 
conditions so that it is immediately available to 
maintain or restrike the arc. 

Multi-operator D.C. equipments give good welding 
performance, since the voltage changes are instant- 
aneous, for they are due to resistance drops alone. 
The current rises immediately to the setting value 
and remains stable owing to the rapidity with 
which the voltage responds to variations in are length. 
In single-operator D.C. equipments, however, the 
voltage drop is usually produced by flux change 
in some form or other, and, unless a suitable design 
is employed, this may involve undesirable time lags. 


J. H. Hotmes anp Co., Lrp. 


A simple machine is a split-field generator manu- 
factured by J. H. Holmes and Co., Ltd., of Hebburn- 
on-Tyne. It is a plain shunt-wound machine with the 
field winding split into two portions connected on 
either side of a series resistance regulator of relatively 
small ohmic value, which is used for the major steps 
of current adjustment. The machine is shown 
diagrammatically in Fig. 29. The two shunt windings 
give a striking pressure of about 70 volts, but as soon 
as the electrode makes contact with the work, one 
winding is de-energised, whilst when the arc is drawn 
it is excited at arc voltage. The voltage droop is 
thus produced simply by a combination of reduced 
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excitation and resistance drop. As the copies 
of a series of oscillograph records—Fig. 27—show, 
the machine has been designed with a view to making 
the dynamic performance efficient. At A the current 
overshoot is shown when short circuit is applied from 
open circuit at the high and low current settings ; 
B shows the recovery from short circuit to open 
circuit at high current setting, and C the recovery 
from welding to open circuit at high current setting. 
These characteristics are claimed to be suitable for 
the production of work of the highest quality, and 
are produced by one of the simplest arrangements 
available. In Fig. 26 is shown a combined frame 
A.C./D.C. welder with a current range of 250/25 
amperes. Any intermediate current value can be 
obtained by adjusting the coarse and fine regulators 
to be seen at the side of the control box. A combined 
D.C./D.C. welder with the same current range is 
shown in Fig. 28, where it will be seen that the 
machine is in a weatherproof housing. The machine 
shown in Fig. 30 is a welder of the same rating driven 
by a standard Morris industrial petrol engine, with 
a canopy and side screens for outdoor use. 

Designs are also produced for all the various forms 
of drives in sizes of 150/15 amperes, 250/25 amperes, 
and 350/35 amperes to suit the requirements of 
different classes of work. Larger outputs are readily 
obtainable when required by coupling standard sets 
in parallel. 

The advantage of the multi-operator type of equip- 
ment for the larger welding installations is the saving 
in cost and space obtainable by making full use of 
diversity in time and current. B.S.8. 638—1935 





recommends that D.C. multi-operator equipment 


should be continuously rated at a current value as 
given by the following formula :— 
. Cmax 
Rating current = ——_—_... 
— 1+log, N, 
where Cmaz=total welding current, maximum 
(max. current per operator) x (number 
of operators) 
and N=number of operators. 

This means that for ten operators the diversity 
factor is 4. Thus, to supply ten operators at 200 
amperes per operator, the generator need only be con- 
tinuously rated at 1000 amperes. Similarly, in a large 
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FiG. 29—SPLIT FIELD GENERATOR CONNECTIONS 


installation supplying 100 operators, the diversity 
factor is 4, in consequence of which 100 operators at 
200 amperes per operator may be supplied from a 
generator continuously rated at 6700 amperes. 
J. H. Holmes and Co. produce a comprehensive range 
of multi-operator welding equipment suitable for 
all requirements from the general engineering work- 
shop to the largest shipyards employing hundreds 
of welding operators. 


THe ENGiisH ELEcTRIC Company, LTD. 


.The English Electric Company’s A.C. are welding 
equipment, like other A.C. equipment, consists of a 
transformer feeding one or more welding regulators. 
The transformer may be of the indoor or outdoor type, 
and primary tappings make it suitable for any supply 
pressure within the range of 380, 400, 420, and 440 
volts. If necessary, the primary tappings may also 
be used as secondary voltage adjusting tappings, to 
compensate for excessive voltage drop in the inter- 
connecting cables. The normal secondary pressure 
available for striking the arc is 90 volts, which has 
been selected after careful investigation. This volt- 
age is necessary for satisfactory welding with shielded 
are electrodes having high are voltage drop charac- 
teristics. As the Home Office regulations fix the 
upper limit of pressure for A.C. welding at 120 volts, 
this secondary pressure is permissible. Every care 
has been taken in the design of the apparatus to safe- 
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guard the operator. The welding regulator naturally 
enables each operator to control the welding current 
to suit the type and size of electrode used. The 
appropriate current value is obtained by tappings 
connected to an externally operated tapping switch 
with a notched plate graduated in welding amperes. 
As may be seen from a consideration of the electrical 
conditions of the circuit, the welding amperes marked 
on the switch are substantially correct, irrespective 
of the type of electrode used. The arc voltage drop 
varies with the kind of electrode, the bare wire elec- 
trode having an are drop of approximately 18 volts, 
whereas the heavy shielded arc electrode may have 
a drop in the neighbourhood of 35 volts. As the arc 
voltage is practically in phase with the welding 
current and the regulator voltage in quadrature 
with it, the regulator voltage is given by 


V/V. app?— V. arc?, 





where V. app is the applied voltage and V. arc is 
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the voltage drop in the are. If the regulator is set 
by means of the tapping switch to give an output of 
200 amperes (to suit a 4-gauge electrode), and the 
are drop is 25 volts for that particular type of elec- 
trode, then the regulator voltage is given by 

V 90? — 25?= 86-8 volts. 

If an electsode of the same size, but having an are 
voltage drop of 35 volts, be used, it is found that the 
reactor voltage will be 83-3 volts. It will be appre- 
ciated that a 40 per cent. variation in the arc voltage 
is very large, but this variation only results in a 2 per 
cent. change in the regulator voltage, and in conse- 
quence only the same small change would take place 
in the welding current, i.e., from 200 to 196 amperes. 
This important relationship between the are voltage 
and regulator voltage is of great value, as it renders 
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Fic. 31—CONNECTIONS FOR MULTI-OPERATOR 
A.C. WELDER-—ENGLISH ELECTRIC 


unnecessary the use of separate ammeters for the 
measurement of welding current, and also serves to 
give the regulator an automatic self-regulating charac- 
teristic independently of the type of electrode used. 

The regulator is also designed to maintain the 
welding current as near sinusoidal possible. This 
is claimed to ensure that the arc is stable, free from 
spluttering, and that a good sound homogeneous weld 
free from porosity is deposited. To avoid the neces- 
sity of providing cables for an uneconomic heavy low- 
tension current, which would have high stray losses 
and excessive voltage drop, it is desirable to limit the 
number of regulators supplied by each transformer 
to twelve. 

In the lay-out of the electrical equipment for a 
welding shop in which A.C. plant is used certain pre- 
cautions are necessary to ensure satisfactory opera- 
tion. One of the more important, especially with 
heavy current welding, is the avoidance of excessive 
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voltage drop along the length of interconnecting cable. 
This voltage drop would manifest itself as a reduced 
voltage at the regulator terminals, and if excessive 
would tend to interfere with the welding process. 

The diagram, Fig. 31, shows the typical connections 
for a multi-operator set, and indicates the current 
distribution if only one phase is loaded. This con- 
dition is the worst possible condition of electrical 
unbalance that can arise, and would only occur in the 
event of all the welders at work being connected to 
the same phase of the supply transformer. The 
condition assumed is, however, extreme and unlikely 
to occur in practice. Under normal conditions, with 
the full component of operators at work, a balanced 
loading of the supply system would result. 

Where a number of welding operators are required 
to work in fairly close proximity to each other, such 
as in shipyard welding or in an engineering fabricat- 
ing shop, the multi-operator equipment is recom- 
mended. The initial cost per operator is minimised, 
and the overall efficiency and running costs are 
appreciably better than if a number of single-operator 
equipments are installed. In cases where for the 
present only a relatively small amount of welding is 
carried out, but where it is anticipated that it will 


be increased, it is advised that a transformer unit 
large enough to meet the anticipated load be pur- 
chased, but only sufficient welding regulators to meet 
the immediate requirements. This will allow the 
addition of further welding operators at the least 
possible cost. 

Portable single-operator equipments are usually 
employed in small welding shops or for repair work 
in large shops, where it is inconvenient to move the 
work to be welded. In both cases it is desirable to 
have the welder and regulator combined in a single 
tank, mounted on wheels, as shown in Fig. 32. The 
transformer of a single-operator A.C. equipment may 
be a single-phase unit or a reversed vee/open 
delta 3/1 phase unit. Contrary to what some engi- 
neers seem to suppose, the latter has little to recom- 
mend it from the point of view of balance. 


THE GENERAL ELEctTRIC Company, Lip. 


The G.E.C. single -operator A.C. welding sets 
consist of a transformer, suitable for a single-phase 
supply, designed to give a striking voltage of 70/80, 
with provision for adjustment between those limits 
to suit requirements. While the transformer can be 
wound for connecting across a three-phase system, 
the alternative arrangement is generally adopted. 
Stabilising and current control is obtained by means 
of a choke coil designed to eliminate harmonics in 
the current wave to ensure freedom from sputtering. 
Tappings from this choke coil are connected to a 
current selector switch which serves the dual purpose 
of adjusting the current and the striking voltage. The 
whole unit is completely waterproof and the incoming 
supply is connected by a plug with a water-tight gland. 
When portability is required the apparatus is mounted 
on wheels and handles or drawbars. Multi-operator 
sets are also made. 

The G.E.C. D.C. single-operator unit consists of a 
motor generator set having a combined steel shell 
enclosing the motor stator and field system of the 
generator, the rotor and generator armature being 
mounted on a single shaft rotating in ball bearings. The 
drooping characteristic dynamo has an open circuit 
voltage of 75/85, and care has been taken to ensure 
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FiG. 33—CONTACTOR—MAWDSLEY’S 


maximum voltage response with corresponding arc- 
stability over the whole of the welding range of 50 to 
300 amperes. The current is varied in fine steps by a 
pair of regulators with pointers moving over engraved 
scales. One of these giving current adjustment in 
comparatively coarse steps is marked for convenience 
in electrode gauges. Manipulation of the other wheel 
gives an ample range of current for every gauge of 
electrode used. Initial current adjustment is facili- 
tated by the provision of a combined ammeter and 
voltmeter. 

The set is claimed to be equally efficient when used 
for metallic or carbon are welding. A maximum of 
300 amperes is given for the former at 25/30 volts, 
and an output of 200 amperes at 45 volts for 
earbon are work. The polarity of the output ter- 
minals, which is clearly indicated, is quite definite, 
and cannot be accidentally reversed by sudden 
short circuit. The standard set is equipped with a 
squirrel-cage driving motor, which with its starter is 
enclosed within a weatherproof housing, mounted on 
rubber-tired wheels running in roller bearings. 
A draw bar is connected to the front axle 
which swivels on ball bearings. The weight of the 
combined unit, complete with wheels and draw- 
bar, is less than 1000 lb. 

When required, the generator can be supplied with 
a pulley for driving from line shaft, &c., or it may be 
coupled to an internal combustion engine or other 
prime mover. A.C, and D.C. multi-operator sets are 
also made. 

MAWDSLEY’s, LTD. 

In the “‘ A.D.C.” are welding generator supplied by 

Pooley and Austin, of 34, Broadway, Westminster, 


and made by Mawdsley’s, Ltd.,. of Dursley, the 
extra voltage required to strike the arc is provided 





by a special method, and the machine is claimed to 











give an are of exceptional smoothness. The generator 
is compound wound to give a constant low voltage. 
From two slip-rings S R, Fig. 34, connected to the 
armature winding, low-voltage A.C. is taken to a 
primary coil wound over the usual welding reactance 
winding, the effect being to superimpose an A.C. 
voltage on the D.C. generator voltage, as shown in the 
upper part of Fig. 34, thus providing the requisite arc 
striking voltage. Immediately the arc has been 
struck the A.C. circuit is automatically broken and 
the welder is left with the required D.C. voltage. 
Like the remainder of the equipment the contactor 
(Fig. 33), which breaks the circuit, is simple— 
In every welding reactance an air gap is provided in 
the magnetic circuit to avoid saturation of the iron, 
and in the case of the equipment under consideration 
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FIG. 34—CONNECTIONS FOR MAWDSLEY’S WELDER 
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the magnetic leakage which occurs across this air 
gap is utilised to attract an armature thus interrupting 
the circuit. 

Immediately the operator stops welding and there 
is consequently no magnetism to attract the armature, 
the A.C. circuit is completed by a compression 
spring, and the striking voltage is made available. 
Any number of operators can be supplied from the 
same generator, each being provided with a combined 
transformer and reactor contactor unit T, R, C 
(Fig. 34), which gives the connections for two 
operators, E being the electrode and W the work. 
The current is regulated by means of a portable 
regulator C R, with a multi-contact switch giving the 
desired range. This regulator can be placed close 














FIG. 35—MULTI-OPERATOR WELDER—MAWDSLEY'S 


to the operator, who may be a considerable distance 
from the welding set. The exceptional smoothness 
of the arc is claimed to render possible the arc welding 
of thin steel, for which purpose a special type of 
generator has been produced. A multi-operator 
set is shown in Fig. 35. The generator in this 
particular case is driven by a motor, but all the usual 
combinations, such as oil engine sets and portable 
sets, are made. 


THe Lincotn Evectric Company, Lrp. 


Several new electrodes such as the “ Aluminweld,” 
for welding aluminium; ‘ Toolweld,”’ for welding 
tool steel cutting edges, and for building up surfaces 
worn by abrasion, impact, &c.; ‘‘ Ferroweld,” for 
welding cast iron, and “ Stainweld A,” for welding 
stainless steel, have been introduced by the Lincoln 
Electric Company, of Welwyn Garden City. 

The ‘ Fleetweld ” electrodes for welding mild steel 
in accordance with the shielded arc process permit 
of a higher welding speed than that obtainable when 
welding with a shielded arc, the power used being 
greater. These electrodes are well known, and 
attention may be drawn more particularly to the 
range of electrodes for the building up of metal subject 
to wear by abrasion, metallic impact, &c. 

The company’s “ Hardweld”’ electrode is a high- 
carbon steel electrode containing about 1 per cent. 
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carbon for building up steel parts and to produce 
a dense, tough surface of moderate hardness to 
resist shock and abrasion. The exact hardness 
of the deposit depends upon the rate of cooling, 
and also upon the carbon content of the steel 
being built up. The weld cannot be machined unless 
cooled very slowly or annealed. If shaping is necessary 
it should be ground. 

The ‘‘ Wearweld”’ shielded electrode is also for 
building up steel surfaces to resist shock and abrasion. 
The deposits are composed of air-hardening 
alloy steel of unusual hardness and toughness. 
This electrode can be used to build up all steels other 
than those of austenitic type. It is said to be par- 


To meet the demand for these higher currents, the 
Lincoln Company has produced the “ Lincoln” 
‘* shield-are ’? welder, which has an arc voltage of 
40, and therefore has a higher kilowatt capacity 
than usual. 

Other firms specialising.in the manufacture of 
electrodes for many purposes are the Quasi Arc 
Company, Ltd., and Murex Welding Processes, Ltd. 


LAURENCE Scorr AND ELecrromortors, LtTp. 


The Burke-Scott welder, D.C., made by Laurence 
Scott and Electromotors, Ltd., of Norwich, is an 
example of a third brush machine and gives the desired 





employed for metallic are welding on low carbon steel 
with bare wire or washed and coated electrodes. 

The windings of the machine are shown in Fig. 38. 
A and B are the main brushes and C the windings of 
the auxiliary poles. Dis the usualshunt winding. An 
auxiliary brush E. is situated approximately midway 
between one interpole and one main pole, and an 
auxiliary winding shunt F is connected between the 
auxiliary brush E and the adjacent main brush A. 
The auxiliary shunt winding F is excited by the 
voltage generated in the armature turns lying 
between the main and auxiliary brushes A and E to 
which the auxiliary winding is connected. These 
armature turns cut part of the “ interpole ”’ flux and 
































FiG. 36—-BURKE-SCOTT DUAL GENERATOR ARC WELDER—LAURENCE SCOTT 


ticularly valuable for facing parts subject to rolling 
or sliding abrasion, batter, and repeated impact. 
Here, again, the deposited metal cannot be machined, 
but must be ground if shaping is necessary. The 
‘‘ Toolweld” electrode is a coated electrode for 
building up cutting edges on metal and woodworking 
tools. It produces a weld metal equivalent to high- 
speed tool steel, and the deposit retains its hardness 
at approximately 1000 deg. Fah. The welds can be 
heat treated in the same way as high-speed steel. 
The deposit is said to be very dense and practically 
free from porosity. 

The ‘“ Abrasoweld” electrode is for building 
up straight carbon steel, low-alloy or high-manganese 
steel surfaces to resist abrasion in applications 
where pronounced battering and impact are not 
encountered. The ‘‘ Mangaweld” electrode and the 
** Stainweld A ”’ electrode may also be mentioned. 

A new electrode for which many applications 








“The Enoineca 
FIG. 38—-WINDINGS DIAGRAM FOR 
BURKE-SCOTT WELDER 
have been discovered is the company’s “* Aerisweld ” 


electrode, for welding copper, bronze, brass, &c. 
It is a shielded arc electrode of the phosphor bronze 
type. 

The success of the ‘“ Lincoln ”’ shield-arc process 
is attributed to the fact that relatively high currents 
may be used. These currents mey ve employed with 
safety because the efficient shielding of the pool of 
molten metal beneath the are prevents oxides or 
nitrides forming in the weld, and there is no porosity 


variations by combining an external reactance with 
internal reaction in the generator, the degree of which 
can be predetermined. It gives any desired welding 
current which can be varied in minute amounts. A 
lever operating on the brush gear gives the desired 
current range and a shunt regulator the fine adjust- 
ments. “As the shunt regulator can be made portable 
the operator need not leave his work to make the 
adjustments. The full striking voltage is available 
irrespective of the welding current setting, and the 
voltage rises simultaneously with falling current, thus 
ensuring inherent self-adjustment to varying arc 
length. The machine was developed to mect the 
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Fic. 39—CHARACTERISTIC’ CURVES FOR 


BURKE-SCOTT WELDER 


conditions created by the increased use of shielded 
electrodes, which require a relatively high welding volt- 
age. The curves in Fig. 39 show that on the No. 2 size 
machine the welding current can be adjusted between 
25 and about 200 amperes, while the welding voltage 
can be adjusted according to the type of electrode 
used. It is claimed that bare electrode welding with 
this machine fitted with its reactance stabiliser is in 
many cases perfectly good and a high Satter of safety 
is obtained. 

The welder is, however, capable of giving a welding 
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BURKE-SCOTT WELDER—LAURENCE SCOTT 


the voltage is approximately proportional to the 
armature current. A series winding effect is thereby 
produced by the auxiliary shunt winding F. A 
rheostat G connected in series with the auxiliary 
winding gives the small variations. The main shunt 
winding may also be connected across the auxiliary 
brush and next main brush of opposite polarity. The 
provision of the auxiliary shunt winding permits the 
external characteristics of the machine to be varied, 
whilst the provision of adjustable main brushes 
increases the range of control. Burke-Scott welders 
are made in various forms and for various outputs. 
The three standard sizes are made (1) for a current 
range of 25/200 amperes at 20/35 volts; (2) 70/400 
amperes at 25/40 volts ; and (3) 150/600 amperes at 
25/45 volts. A motor generator set with two 
generators is shown in Fig. 36. It can feed two arcs 
with 300 amperes or when the generators are con- 
























































or embrittlement in the finished job. 





| 
Thickness Bare wire electrode. Coated electrode. 
of plate 
in inches, Current Size, Current 
Size. range, S.W.G. range, 
amperes. amperes. 
& fy tos 20 to 45 14 20to 30 
4 wy to } 45to100|} 12 40 to 60 
+ + toy; | 75 to 130 10 15 to 90 
3 4 to * 90 to 160 10 | 85to 95 
3 # to | 1100190] 10to8 | 90 to 135 
k ¥s to + | 125t0220| 10to8 90 to 160 
i is to 140 to 230 | 10to6 | 95 to 180 
f SP 150 to 250 8to4 110 to 220 
4 tf to % 165 to 300 8 to 4 115 to 240 
1 ft to 4 175 to 400 8to4 120 to 280 
voltage suitable for all types of electrodes. The 
table above gives the current values commonly 
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Fic. 40—-WINDINGS DIAGRAM FOR CROMPTON - 
PARKINSON WELDER 


A.C. to D.C. set with the motor and generator in a 
common casing is shown in Fig. 37. Portable sets 
driven by engines or motors are also made. 


CROMPTON-PARKINSON, LTD. 


Another divided pole machine with a third brush 
is shown in Fig. 40. The excitation for the main poles 
is picked up between the negative and the third brush. 
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EXAMPLES OF ARC-WELDED PRODUCTS 











Fics. I AND II—-WELDING DISHED END ON A RECEIVER TANK AND BUILT-UP TURBINE CASING 


Fics. Ill AND IV—-TRANSFORMER TANKS AND WELDED DRUM 


FiGS. V AND VI—TRACTION MOTOR SPIDER AND TURBO-ALTERNATOR STATOR 
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Fic. VII—FRACTIONATING COLUMN 
Fics. VIII To X—OlL ENGINE BED, WATER TURBINE SPIRAL CASING, AND STATOR FOR WATER- WHEEL ALTERNATOR 


Fics. XI TO XI1II-—GAS HOLDER COMPLETE AND UNDER CONSTRUCTION 
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The auxiliary pole carries a heavy series opposing 
winding, causing a reversal of the voltage in that 
portion of the armature winding which it embraces. 
Thus the terminal voltage is equal to that generated 
under the main pole less that generated under the 
auxiliary pole. A cumulative series winding (not 
shown) is also wound on the main poles and provides 
additional stability and reactance. This machine, 
which is one of the type made by Crompton-Parkinson, 
has a welding range from 25 to 200 amperes, the 
lower currents being obtained by tappings on the 
auxiliary poles. 


METROPOLITAN-VICKERS ELECTRICAL COMPANY. 


Unfortunately, we have been unable to persuade 
all manufacturers of arc-welding sets to provide 
diagrams of the windings and connections, and in 
these cases we must deal with the machines in a 


Fic. 41—AUTOMATIC ARC WELDER—METROVICK 


general way. “The Paradyne” D.C. welder, made 
by the Metropolitan-Vickers Electrical Company, of 
Manchester, has been developed for heavy duty and 
rough usage in shipyards, engine works, &c. The 
control gear for these motor generator sets is housed 
in a compartment on top of the machine, as shown in 
Fig. 44, and provides for control of the welding 
current from 15 to 300 amperes by means of a 
plug and socket selector. From the static charac- 
teristic curves of the set on various current ranges 
(not reproduced), it is evident that a change in are 
length results in only a small alteration in current, 











Fic. 44—*‘ PARADYNE** ARC WELDER—METROVICK 


thus ensuring are stability under all conditions of 
welding. They also show that when the machine is 
short circuited, the output current does not exceed 
1-5 times the maximum welding current, which means 
that the machine is well able to deal with the periods 
of dead short circuit, which inevitably occur in weld- 
ing work. The machine consists of a motor generator 
running at 1460 r.p.m. and is designed for operation 
on an A.C. supply up to 650 volts, the field system of 
the generator comprising shunt interpole and series 
windings. 

Engine-driven sets are also made and Fig. 45 shows 
a 300-ampere set in use on ship repair work. The 








equipment is designed for trailing behind any vehicle, 
and is particularly suitable for general repair work or 
field welding where the equipment must be left on 
site for long periods. The generator is a 300-ampere 
75/25-volt, reverse compound-wound machine, with 
an exciter of sufficient size to supply the additional 
power required for a portable grinding outfit. 

The firm’s multi-operator sets are claimed to have 
an efficiency closely approaching single-operator 
sets. This high efficiency is largely due to the incor- 
poration in each welding circuit of a patented reactor 
which enables the generator to be employed with an 
open circuit voltage as low as 40. The generator is 
a level compounded machine designed to give a 
stable and penetrating arc. In each welding circuit 
the current is controlled by an adjustable stabilising 
resistance, the arc voltage under normal operating 
conditions being about 25 volts. 

The machine shown in Fig. 41 is designed for the 





to the class of work. The standard atomic hydrogen 
arc welding equipment is designed for welding currents 
of 15 to 60 amperes, a range suitable for light and 
moderately heavy work. A complete equipment 
consists of a control panel with a stop and start push 
button station, 15ft. of flexible cable, a suitable 
electrode holder with 20ft. of twin conductor cable, 
and the same length of gas tubing, a transformer for 
changing the supply voltage to that required for 
welding, a supply of tungsten electrodes ranging in 
diameter from yin. to fin. depending on 
the size of the equipment, and a welder’s helmet 
complete with lense and cover. A view of one of 
these equipments with the side cover removed is 
given in Fig. 42. 

The Metrovick series of A.C. transformer welders 
includes single-phase sets for single operators, 
three-phase/two-phase sets for two operators, and 
three-phase /three-phase sets for three operators. In 
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Fic. 42—ATOMIC HYDROGEN ARC WELDER—METROVICK 


automatic welding of deck plating with butt or lap 
joints. In the case of a lap joint, the welding head 
can be rotated through a suitable angle, as shown. A 
reel of covered electrode is mounted on the drum at 
the top of the apparatus. The electrode is fed down 
continuously, a high-speed cutter milling a slot in 
the covering, into which fit spring-loaded, hardened 
steel brushes for supplying the current. The arc length 
is maintained constant by means of a reversible 
friction clutch, working in conjunction with a con- 








Fic. 43—A.C. WELDER—METROVICK 


the single-operator set the reactor is combined with 
the transformer in one casing, and is equipped with 
an isolating switch, &c., to form a self-contained 
welding set that may be transferred from place to 
place as required (Fig. 43). 

Another equipment made by the Metropolitan- 
Vickers Electrical Company is a rotary high-frequency 
are welding set developed mainly for welding thin 
plates, for which purpose A.C. is claimed to be more 
suitable than D.C. As explained elsewhere, one advan- 








Fic. 45—ENGINE-DRIVEN WELDER IN USE ON SHIP REPAIR WORK—METROVICK 


tactor operated by a relay which can be set at a pre- 
determined arc voltage. 

The company’s atomic hydrogen arc welding process 
differs from the usual method of welding in that a 
single-phase A.C. arc is maintained between adjust- 
able tungsten electrodes and hydrogen gas is fed to 
the arc around the electrodes. The hydrogen mole- 
cules are broken up into atoms by the intense heat 
and with their recombination outside the are heat is 
liberated far in excess of that obtainable by any 
gas flame alone. This heat is used to fuse the:metals 
to be joined, and results in high welding speeds. 
When additional metal is required a filler rod may be 
fused into the work. Insulating transformers pro- 
vide the required constant voltage for the welding 
and control circuits. The arc is struck at 300 volts, 
and the are voltage and current are varied according 





tage of A.C. is the elimination of troublesome mag- 
netic effects which tend to extinguish the arc, more 
particularly at the beginning and end of the seam. 
Another advantage is the increased stability obtained 
with high-frequency currents, the machine under 
consideration delivering a 150-cycle supply. The 
machine is intended for use.on a three-phase circuit, 
and offers the advantage that it gives single-phase 
welding current without unbalancing the supply 
system as the driving unit takes a three-phase load. 
The output current is controlled by a drum controller 
and a variable reactor connected in the welding 
circuit. Coarse and fine variations of welding current 
are obtained by means of the controller and variable 
reactors respectively. A combination of these two 


adjustments makes it possible to obtain any value of 


current between 15 and 100 amperes, which is a 
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valuable property when welding thin plate. Needless 
to say the power factor of this machine corresponds 
to that of an induction motor. 


FULLER ELECTRICAL AND MANUFACTURING COMPANY, 
Lrp. 


Various types of D.C. welding sets are made by the 
Fuller Electrical and Manufacturing Company, Ltd., 
of 5, Chancery-lane, W.C.2. The machine shown in 
Fig. 46 is a motor generator set with the dynamo and 
motor combined in one frame. The shunt-wound 
generator control gear and motor starter are mounted 
on top of the machine. Movement of the brushes 
gives an infinite variation of the welding current 
between the values of approximately 15 and 120 
amperes. A small switch inserts or cuts out a fixed 
resistance in the shunt winding to give two distinct 
ranges of welding current. With the resistance in 

















Fic. 46—-A.C.-D.C. WELDER-—FULLER 


cireuit the current obtamable by brush adjustment is 
from 15 to approximately 40 amperes, whilst when it 
is out of circuit the range is from 40-120 amperes. 
A fan serves for ventilating the machine. Tappings 
on the motor make it suitable for 190/220 or 380 or 
440 volts, three-phase, 50 cycles. 

The machine shown in Fig. 47 is a standard 
general purpose are welder suitable for welding 
metal from 22-gauge upwards. The generator 
is of the reverse compound-wound type, having 
four main series tappings for current adjust- 
ment. In addition, there is a fifth tap, which changes 
the current from 15-40 amperes. This tap is brought 
out to a socket on the outside of the machine, into 
which the electrode lead is plugged when welding with 
low currents. The positive and negative terminals 
are also brought out to sockets for electrode and work 
connections. The generator has a special field system 
which is said practically to eliminate any inertia in 
the flux, thus providing a very rapid voltage response 
to are fluctuations. The static characteristic curves 

















FiG. 47—PORTABLE WELDER—FULLER 


are very steep, so that current fluctuations due to 
variations in the length of are are kept at a 
minimum and the are burns very steadily when 
welding with any type of bare or coated electrode. 
Like that shown in Fig. 46, the unit consists of the 
combined motor and generator, the motor having its 
stator flanged to the generator and its rotor overhung 
on the generator shaft. Two ball bearings are pro- 
vided, one being between the motor and the generator 
and the other at the generator end. This equipment 
is provided with a separate exciter, which overcomes 
any possibility of unintentional change of polarity 
during welding. Both equipments run at 2850 r.p.m. 
and are as a consequence light and portable, 
the 350-ampere set, shown in Fig. 47, weighing only 
770 lb. complete with three-wheeled truck. 


G. D. Persrs anp Co., Lrp. 


The machine shown in Fig. 48 is one of the Plastic Are 
welding generators supplied by G. D. Peters, of Slough. 


drooping characteristics and is designed for an open 
circuit voltage of 70. The welding current is controlled 
by means of a small differential regulator working in 
conjunction with a three-point radial switch con- 
nected to tappings on the field winding. The makers 
claim that this method of control offers a number of 
advantages over other types of control, as it enables 
a neat and compact regulator to be employed, gives 
an infinite choice of welding current within the range 
of the machine, and eliminates the necessity for 
wasteful resistances. 

In the single-operator ‘ Plastic Arc’’ motor 
generator sets a fan fitted between the armatures 
ventilates both machines, which are housed in a 
single carcase. Normally the motor starter, radial 
switch, and small regulator are mounted on top of the 
set, which forms a neat and compact unit. These 
machines are manufactured in the following sizes and 
can be supplied fitted with motors to suit any one of 
the existing commercial electrie supplies :—Model 
200 “Q,” having a welding range of from 30-250 
amperes ; model 257 “ Q,” having a welding range of 
from 50-375 amperes and model 330 “Q,” with a 
welding range of from 50-500 amperes. Similarly, 
multi-operator plants are available, capable of pro- 
viding each operator with any one of the welding ranges 
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mentioned. Petrol and oil engine-driven plants are 
also available, and these can be supplied fitted with 
any make of engine to meet customers’ requirements. 
Furthermore, any of the above equipments can be 
arranged as a portable unit, fitted with wheels and 
axles. 


Pretsow, Lrp. 


The single-operator machine shown in Fig. 49 has 
recently been supplied to the Ford motor works at 
Dagenham by Petbow, Ltd., of Victoria Works, 
Avenue-road, London, N.W.10. It is the second set 
of the kind ordered by the Ford Company, and a 
special feature of the set is that it is equipped with 
two motors, one for A.C. and the other for D.C., so 
that it may be used when either of these supplies is 
available. The A.C. motor is a squirrel-cage machine 
started with a star-delta starter. The set is mounted 

















Fic. 49—DUAL. MOTOR WELDER—PETEBOW 


complete in a waterproof housing on rubber-tired 
wheels. 

For supplying the motors there are 100ft. of 
trailing cable and the same length of cable for feeding 
the are. The current range is 15/375 amperes, and 
the striking voltage range 55/70. Petbow standard 
sets are made in two sizes. 

The smaller of the two is suitable for sheet metal 
work, light fabrication and repair work, where heavy 
welding is only occasionally required, its maximum 
0. }put of 150 amperes being adequate for electrodes 
up to 6 gauge. The portable regulator which carries 
voltmeter, ammeter, and the single controlling resist- 
ance, can be placed adjacent to the welder and gives 
a range of current from 35 to 150 amperes in ten 
steps. An extra resistance, which can be coupled 
into the circuit in a few seconds gives from 20 to 





close regulation necessary for welding sheet down to 
22 gauge with electrodes down to 18 gauge. Another 
machine gives @ maximum output of 250 amperes, 
and having an electrode range of 18 g. to #m., it 
covers all welding requirements for general production 
and repair work. The standard regulator gives ten 
steps from 60 to 250 amperes, while, with the aid of 
an extra resistance, ten steps between 30 and 60 
amperes are obtainable, enabling sheet metal welding 
to be carried out as required. 

The heavy-duty generators fulfil the modern 
demand for welding sets for heavy fabrication work 
capable of running electrodes of large core diameter 
at a high speed. Two sizes are built, one with a maxi- 
mum output of 450 amperes, sufficient for a jin. elec- 
trode, the other with an output of 650 amperes, 
which will run a fin. electrode. Both types are field 
controlled. As there is no resistance in the arc circuit, 
the efficiency is high, being approximately 80 per cent. 
at all loads. The machines are separately excited 
from D.C. mains or an exciter mounted on the end 
bracket of the generator, according to circumstances. 

An A.C. statie transformer set is also supplied by 
this firm. 


LANCASHIRE DyNAMO AND CRyPTo, LTD. 


Simplicity is one of the principal claims made for 
the arc welders supplied by the Lancashire Dynamo 
and Crypto, Ltd., of 94, Petty France, 8.W.1. With 
a combination of internal reaction and artificial 
magnetic reluctance the desired characteristics are 
obtained without a differential winding, exciter, 
external reactance, or brush adjusting gear. A stable 
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arc, quick voltage recovery, and automatic adjust- 
ment of the current according to the length of the arc 
are secured without complications. The sets are suit- 
able for welding with bare or coated electrodes, the 
open circuit voltage being adjusted according to the 
type of electrode used. The output of the machine is 
200 amperes at 30 volts with an open circuit voltage 
adjustable between 50 and 70 volts. By means of a 
series controller having eight notches the current may 
be varied from 25 to 200 amperes. A shunt regulator 
incorporated in the controller and a moving 
coil ammeter and voltmeter can be fitted if desired. 


is 

















Fic. 51—A.C.-D.C. WELDER—LANCASHIRE DYNAMO 


A single-operator motor generator welder for opera- 
tion on A.C. mains is shown in Fig. 51 and volt-ampere 
characteristic curves in Fig. 50. A separate generator 
is made for coupling to an engine or for belt driving ; 
and a portable machine on rubber-tired wheels. 


THE Quasi-Arc Company, LTD. 


The Quasi-Are Company, Ltd., of 15, Grosvenor- 
gardens, S.W.1, supplies both A.C. and D.C. weiding 
equipments. A multi-operator A.C. set is available 








It is a four-pole belt-driven dynamo with the usual 





50 amperes in ten steps, this latter range giving the 





for three, six, or more operators with outputs of 
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200, 300, and 400 amperes per operator. It consists 
of an oil-cooled step-down transformer and 
inductive regulators, with three current ranges. 
Like the transformer, the regulators are oil immersed. 
Normally the transformer is designed to give 70 volts 
on the secondary side, but tappings are provided on 
the primary side to raise the pressure to approximately 
70 or 80 volts. The type of transformer varies accord- 
ing to the electric supply available and the number of 
operators. When the supply is three-phase the pri- 
mary windings are connected delta fashion and the 
secondary windings interconnected star, an arrange- 
ment which, when all the operators are working, dis- 
tributes the load taken by each arc over each phase 





70 volts on open circuit. No exciter reactance or 
separate series resistance is needed. A switchboard 
supplied with the machine carries a voltmeter and an 
ammeter and a shunt regulator for adjusting the 
current. There are two positive terminals, one for 
30/90 amperes and the other for 90/200 amperes. 
There is one negative terminal. A complete set of 
accessories is provided. The single-operator, single- 
carcase motor generator set is supplied for either A.C. 
or D.C. supplies. In the former case the motor is a 
squirrel-cage machine, running at 1440 r.p.m., and 
in the latter a shunt-wound motor, designed for 
1500 r.p.m. Both machines are built in the same 
frame and form a compact unit. When the supply is 








FIGs. 52 AND 53-—A.C. 


and gives freedom from current interference between 
the welders. 


Transformer kVA for 
Capacity per — — 
operator. Three men,| Six men. | Nine men. 


Twelve 
men. 








25 | 
30 
40 


80 
95 
130 


250 amperes ... 
300 amperes ... 
400 amperes 


The ratings given above are the continuous ratings 
in accordance with B.S.S. 171 and have been found 
from experience to be suitable for welding up to the 
maximum current specified under normal conditions. 
Each regulator has three current ranges, as shown in 
the table below, and any one can be selected by insert- 
ing the socket attached to the electrode holder into 
one of the three output positions. The current can 


Regulator current ranges in amperes. 


Low. 


Medium. 
95—145 
105—160 
135—210 


Size. 
150—250 
170—300 
220—400 





250 amperes 
300 amperes 
400 amperes 


50— 90 
70—100 
90—120 


then be regulated by the hand wheel on top of the 
regulator. This hand wheel enables thirty different 
values of welding current to be obtained. Special 
regulators have been supplied in sizes up to 600 
amperes per man and they can also be supplied for 
smaller capacities than those shown in the table. 

The single-operator portable A.C. set shown in Fig. 52 
has two wheels and a swivel castor to allow it to be 
easily moved into any desired position. To increase the 
reliability and reduce the maintenance costs the 
windings and other electrical parts are immersed in 
oil. The equipment is built to suit any A.C. supply, 
and units of 250 amperes capacity for 200, 220, 400, or 
440 volts, 50 cycles, circuits are held in stock. Whena 
three-phase supply is available the sets can, of course, 
be connected across any two of the three-phase lines. 

The Quasi-Are Company supplies all the usual D.C. 
sets, including a belt-driven generator for one 
operator and an engine-driven generator for one, two, 
or more operators. An oil engine-driven set is shown 
in Fig. 53. The generator is of the drooping voltage 
type, designed to give stability for welding without 
separate excitation, external reactance, or resistance. 
Its dynamic characteristic is such that smooth con- 
ditions are obtained for welding with all types of 
electrodes. Current regulation is effected by means of 
a plug board giving four ranges of current from 30 to 
200 amperes, in conjunction with a portable field 
regulator giving fine adjustment. Since full excitation 
is obtained on each range the machine has the 
characteristics equivalent to four different generators 
inone. Motor generator welding sets are also supplied. 


Murex WeEtpiInG Processss, Lrp. 


Belt-driven, engine-driven, and motor generator 
arc welders are supplied by Murex Welding Processes, 
Ltd., of Ferry-lane Works, Forest-road, London, E.17. 
The standard belt-driven single-operator machine 
has a welding rating of 6 kW. It runs at 1500 r.p.m. 
and the output is variable by field control from 30 to 
200 amperes at 30 volts, rising to approximately 





AND D.C. WELDERS—QUASI - ARC 


A.C. a star-delta starter is provided, and a face plate 
starter when the machine is fed with D.C. As in the 
case of the belt-driven machine, the output is varied 
with a shunt regulator, which, like the starter and 
instruments, are on top of the machine. Sets of this 
kind are made in three sizes with A.C. or D.C. motors, 
the current ranges being 20/100 amperes, 30/200 
amperes and 50/300 amperes. A mobile machine 
of this type is also available. 

Motor generator sets for two operators consist of 
a double dynamo in a single carease. Each of the 
dynamos gives an output to each operator of 160 
amperes continuously or 200 amperes for one hour. 
The open circuit voltage is 70, which drops to 30 as 
soon as welding begins. As usual, the two dynamos 
can be paralleled to give 400 amperes to one operator. 














FIG. 54—ENGINE- DRIVEN WELDER—MUREX 


The motor may, of course, be a squirrel-cage or D.C. 
shunt machine. There are two current regulators for 
adjusting the current from each generator from 30 to 
200 amperes, two voltmeters and two ammeters, all 
mounted on a steel structure over the twin generator. 

A light welder has an output of 10/40 amperes at 
20/25 volts, rising to about 65 volts on open circuit. 
Here, again, the motor may, of course, be of the A.C. 
type, the starter for A.C. being of the push-button 
variety and of the face plate or drum type for D.C. The 
regulator adjusts the are current from 10/40 amperes in 
steps of approximately 1 ampere. The usual acces- 
sories for a single-operator set are supplied. Petrol 
and oil-engine driven sets are available for one or two 
operators, and Fig. 54 shows a portable two-operator 
set, equipped with a four-stroke, four-cylinder Perkins 
27 H.P. (B.S. rating) engine. The speed is 1500 r.p.m. 
Each operator can be supplied with 200 amperes or 
one operator with 400 amperes when the dynamos are 
paralleled. The weight complete is 27 cwt. 

Fixed and portable static transformer welding 
equipments for one, two, or three operators are avail- 
able. 


A.C. Wetp1ne Company, Ltp. 


A new range of ‘‘ Alternare ” portable arc welding 
equipments has been introduced by the A.C. Welding 
Company, Ltd., of London. Based upon Mr. C. J. 





the equipments are claimed 
to be suitable for the complete range of are 
welding and cutting. The capacity extends from 
6 amperes for the finest arc welding work to 1200 
amperes for the heaviest electric are cutting. While 
the new models are based upon the original design, 
many modifications have been embodied. The 
regulator transformer unit has been arranged with 
the core in a vertical plane instead of horizontal, thus 
resulting in a saving in floor space of approximately 
one-half. This alteration has had the effect of making 
the adjustments more accessible to the operator, the 
controls now being entirely at the side of the unit. 
The change also enables the set to be transported 
through very much narrower passages and gangways, 
&e. 

The general scheme for obtaining the various 
current and voltage values has been retained, but the 
plug and socket devices provided for this purpose 
have been improved. Additional auxiliary windings 
have been added, thus extending the range of adjust- 
ment over much wider limits. Another improvement 
is the incorporation of a terminal board for the 
incoming connections, to which tappings from the 
primary winding of the set are connected, thus making 
the set suitable for any 50-period supply between the 
voltages of 180 volts and 250 volts and 360 volts and 
500 volts. 

The exposed voltage limiting device for welding 
under risky conditions has undergone minor improve- 
ments. The attachment consists of a specially 
designed contactor fitted inside the machine case and 
designed automatically to reduce the voltage at the 
electrode holder to a value of approximately 35 volts, 
and thus eliminate the possibility of the operator 
receiving a dangerous shock when he is not welding 
or when changing the electrode. A high-frequency 
pilot are attachment is provided for light-gauge 
sheets and bare wire welding. The device super- 
imposes a high-frequency current upon the normal 
welding current, and on bringing the electrode towards 
the work provides a pilot are or discharge effect. 


Holslag’s design, 














Fic. 55—PORTABLE A.C. WELDER-—A.C. WELDING 


This eliminates “ blind striking ’’ and “ sticking,’’ as 
the pilot are gives a preheating effect, and welding 
begins without actual contact being made. The high- 
frequency current is also claimed to add stability to 
the are and makes light welding easy. It also claimed 
to facilitate the use of bare wire on normal work. The 
device fits inside the standard machine case, the range 
of current adjustment being extended downwards 
by approximately 15 amperes. 

It is claimed that this attachment brings electric 
arc welding into a field previously covered exclusively 
by the oxy-acetylene method. The A.C. regulator 
transformer welding sets which this company now 
offers are said to be capable of handling all welding 
work from approximately 20 8.W.G. upwards and all 
electric are cutting within the limit of manual opera- 
tion. The system is designed with a view to providing 
perfect safety of operation even under the most risky 
conditions. Each unit is capable of voltage adjust- 
ment, independently ofcurrent adjustment. Thevoltage 
of the system is always under control and the shape of 
the volt-ampere characteristic can be modified at 
will to suit the requirements of the electrode it is 
desired to use. An example of one of these A.C. sets 
is shown in Fig. 55. 


RESISTANCE WELDING. 


Although the fundamental principle of resistance 
welding differs but little from that devised by Pro- 
fessor Elihu Thompson at the close of the last century, 
the present-day machines combine accuracy with 
consistency of metallographic structures, high speed 
of operation, and low working costs. Resistance 
welding such as butt welding involves the passage 
of a heavy current of low voltage through the 
parts to be welded, and when the correct welding 
temperature is reached a heavy forging pressure 
is. applied, thereby uniting the parts with a 
homogeneous structure having all the physical 
characteristics of a forging. Despite the compara- 
tively high contact resistance, only a few volts are 
required, but in order that the required tempera- 
ture may be reached quickly and efficiently, the 
current may amount to some thousands of amperes. 





These conditions can only be met commercially by 
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the use of A.C. supplied through a step-down trans- 
former forming part of the machine, the secondary 
circuit comprising the secondary winding and 
the parts to be welded. The primary winding 
is usually provided with tappings, so that the 
secondary voltage may be varied. Since resist- 
ance welding machines have not only to supply the 
welding heat of the articles to be joined, but also 
have to take care of the welding process itself, the 
equipment is composed of an electrical and a mechani- 
cal part, and while the former is fundamentally the 
same for the various processes of resistance welding, the 
mechanical part differs. Highly developed methods 


specialised types of machines have been developed, 
such as the high-speed automatic spot welder shown 
in Fig. 58. This is a power-driven machine capable 
of spot welding and stitch welding at a speed of 150 
spots per minute. This latter type of machine is 
used extensively on panel work, containers, &c. 
A further development is a portable automatic spot 
welder, for use when it is preferable to bring the 
welding tool to the work. 

Resistance seam welding is largely employed where 
a continuous weld is required on overlapped sheets. 
This method can be applied with great economy and 
high output to the manufacture of drums and steel 




















FiG. 56—-AUTOMATIC FLASH WELDER-A I 


of control are now available, and even with 
unskilled labour reliable and accurate results are 
produced in any number of welds. Resistance 


welding may be divided into three main branches, 
viz., spot, seam, and butt or automatic flash welding. 


Al Evectrric WELDING APPLIANCES COMPANY. 
An ordinary spot welder for general purpose work, 

made by the A 1 Electric Welding Appliances Com- 

pany, of 64, Victoria-street, S.W.1, illustrated 


is 


ELECTRIC 


barrels, cycle rims, domestic utensils, and all classes 
of hollowware. A typical seam welding machine 
with interchangeable welding heads for the welding 
of longitudinal seams in drum bodies, &c., is shown 
in Fig. 59. When the pedal is depressed the 
sheets are drawn through the rollers at a constant 
speed, the only duty required by the operator being 
the guiding in of the plates or drums. The quality 
of the weld obtainable is such that pressure-tight 
joints are produced by this method, giving a 
strength at the weld equal to that of the metal itself. 





in Fig. 57. This machine is used extensively in the 








In the welding of 18 S.W.G. sheets a welding speed 


the full length of the tube and releasing automatically 
at the termination of the weld. 

The term butt welding, although generally applied 
to the welding together of various sections, such as 
round, square, tubular, flat, or irregular, is 
now better known as “ flash welding.’’ This system is 
now widely used in the manufacture of motor car 
rims, torque tubes, axles, boiler tubes, draw-bars and 
rods, window frames, steam pipes, &c. Fig. 61 illus- 
trates a simple type of automatic flash welder, in which 
the parts to be welded are gripped in the electrode 
blocks and a depression of the foot pedal completes 
the welding operation. These machines are fitted 
with automatic control, both for the current and 
upsetting pressure, so that the operation has become 
unskilled and the machines may be used by anyone 

















FIG. 60—SEAM WELDER FOR SILENCER TUBES— 
Al ELectric 


without previous experience. The principle of auto- 
matic flash welding is such that the parts to be 
welded, when clamped in position, are maintained in 
light contact and when the current is switched on an 
intensive heat is rapidly developed at the point of 
high contact resistance by the passage of heavy current 
at low voltage. After the welding temperature is 
reached the current is automatically cut off and the 
requisite forging or upsetting pressure applied. The 
full cycle of operations described are combined 
in the simple action of depressing the foot pedal. 

In the welding of a section of 0-5 square inches in 
area the actual welding time is five seconds, and: for 
one unit of current thirty-six welds can be obtained. 
Where the principle of automatic flash welding is 

















Fic. 57—SPOT WELDER-Al ELECTRIC 


assembly of small parts in the metal industry. 
When spot welding 16 S.W.G. plates, the actual 
welding time is not more than half a second, and for 
1 unit of current approximately 750 welds can be 
obtained. The control of the current and pressure is 
automatic and the operation is completed by the 
simple action of depressing the foot pedal. Two 


spot welds are said to be equal in strength to three 
rivets of the same diameter. 
From the simple type of spot welder various 








FiG. 58—-HIGH-SPEED SPOT WELDER-Al ELECTRIC 


of 8ft. per minute can be obtained at a current con- 
sumption of | unit for 18ft. of welding. Here, again, 
the operation is automatic, requiring only the 
employment of unskilled labour. 

From the standard type of seam welder, many forms 
of seam welders have been evolved, such as that illus- 
trated in Fig. 60, this bemg a machine used on the 
welding of silencer tubes where the tube is circled and 
placed on the mandrel, located, and held in position 
by air-operated clamps, the welding head traversing 








FiG. 59—-SEAM WELDER-Al ELECTRIC 


applied to the assembly of component parts requirmg 
precision in the finished or overall lengths of the 
welded assembly, specially designed machines are 
employed. For instance, it is now possible to carry 
out the assembly of motor car axle tubes and casings 
so that the overall length after welding is within plus 
or minus 0-:010in., and the concentricity of the 
welded parts within 0-025in. 

A typical example of a “ special purpose *’ machine 
is given in Fig. 56, which is a high-speed automatic 
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flash welder operating on the welding of motor car 
rims prior to the sectioning operation. The actual 
welding time in this case was four seconds and from 
360 to 400 rims are welded per hour. 

The examples given and others brought to our 
notice by the firm indicate that in resistance welding 
there is a large variety of machines available for 
many purposes. At one time it was the policy of 
manufacturers to apply machines of standard design 
to various applications, but by co-operation with 
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various branches of industry machines of special 
design are developed to suit the customers’ par- 
ticular assembly problem. 


NEw Process WELDERs, Lrp. 


All kinds of electric resistance welding machines 
are now manufactured by New Process Welders, 
Ltd., of Scotts’-road, Southall. Among the new 
models is the welder shown in Fig. 62, designed to 
give the maximum possible output when welding 
small wheel rims, such as those used on perambulators, 
children’s bicycles, &c. The machine illustrated is 
rated at 25 kVA, but 35 and 50 kVA models are 
supplied. A motor with reduction gear on the left 
of the machine drives a shaft with cams, which operate 
the clamps, the upset, and the switches. The machine 
runs continuously, and it is only necessary for the 
operator to hold the rim in the clamps at the appro- 
priate moment. An output of no less than 500 welds 
per hour is obtained, and as the machine is automatic 
there are no bad welds. A special feature of this 
welder is that the slides completely enclose two 
square bars running the entire length of the machine, 
and anchored in the centre, an arrangement which 
gives improved alignment, since there is no tendency 
to lift when the final upset is applied. 

The illustration, Fig. 63, shows an electric brazing 
machine for tipping Widia tools. It is designed on 
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the lines of a butt welder, the secondary transformer 
circuit being carried as usual in two clamps mounted 
on slides. The tool is clamped on one side of the 
machine, and a copper bar of the same section as 
the tool end is clamped on the other side so 
that it touches the tool. When the foot pedal is 
depressed the copper bar is pressed hard against the 
tool, and when a certain predetermined pressure 
has been attained a contactor circuit is closed. The 
reduced section of the tool being of comparatively 
high electrical resistance as compared to the rest 
of the circuit becomes hot, and the heat is carried 
by conduction to the tip and to the brazing material. 
The advantages claimed for this method of heating 
are: (1) There is no waste of furnace power, since 
current is only employed when a tool is actually in 
the machine; (2) no time is lost in waiting for the 





furnace to be brought to the correct temperature ; 
(3) heat is localised at the point at which it is actually 
required, this being of particular advantage when 
double-ended tools are to be brazed. 

As regards spot welding, the company has welcomed 
the increasing tendency amongst purchasers to 
install machines having ample reserve of power, 
rather than those that are only just able to do the 
work required. Not only is time saved by this 
practice, but, owing to the reduction in the dissipa- 
tion of heat, the welds are stronger and have a better 
appearance. There is also a considerable reduction 
in current consumption and in electrode wear. A 
fixed head 35 kVA spot welder which is now frequently 
used for welding 16 or even 20 8.W.G. material is 
shown in Fig. 65. A few years ago 8 kVA would have 
been considered ample power for sheet of this thick- 
ness. The firm has always regarded automatic 
control as an essential safeguard in spot welding, 
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and is providing it on all machines in place of the 
more familiar mechanical trip switch. In most 
cases the control device takes the form of a relay 
actuated by the imcreased current flow in the 
secondary circuit of the machine at the moment when 
fusion occurs between the two or more sheets ; but 
under certain conditions, when perfectly clean material 
is to be welded, “* time ” control by means of thyratron 
valve equipment is employed. It has recently been 
appreciated that, in addition to current control, 
accurate mechanical pressure is often of vital import- 
ance. Machines operated by compressed air or motor 
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drive have therefore been added to the range, and 
by means of interlocking relays it is possible to make 
welds under exactly similar electrical and mechanical 
conditions either in the case of single spotting or stitch 
welding at speeds up to 180 spots per minute. 

The illustration, Fig. 64, shows one of the 
forms taken by the firm’s multiple-wire spot welding 
machines. Long floating-bar type electrodes are 
employed, and over twenty welds have been made 
simultaneously. These welders are employed for 
a number of purposes, including the manufacture of 
bird cages and refrigerator trays. 

Seam welding machines and heating machines for 
various purposes are also manufactured. 


Tue British THomson-Houston CoMPANY. 


One of the most interesting and important develop- 
ments in resistance welding is the introduction by the 
British Thomson-Houston Company, of Rugby, of 
the thyratron systema of control, described in THE 








ENGINEER of August 10th, 1934, The system is 
claimed to be particularly advantageous when special 
materials are to be welded or when the speed of opera- 
tion, either of a seam or spot welder, is too great for 
contactor control. 

The use of contactors in the primary and control 
circuits of the welding machine has partly overcome 
the quick-switching problem, but they are too 
sluggish in action to deal successfully with switching 
speeds much faster than 150 operations per 
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The thyratron, which is a robust form 
has, however, overcome 


minute. 
of hot cathode rectifier, 
the difficulty. 

The thyratron hot cathode rectifier has three 
electrodes, one of which (the grid) is associated with 
the anode and cathode circuit, so as to control the 
electric discharge. The flow of current between 
the anode and cathode is determined by con- 
trolling the voltage applied to the grid, thereby 
eliminating the necessity for opening and closing the 
circuit. Thus it becomes possible with this method 
of control to deal easily with interruptions of cathode 
anode current of 25 per second. The thyratron is 
claimed to be greatly superior to any mechanical 
make-and-break device, and has a particular sphere 
of application in the electric welding industry. 

Full thyratron control equipment entirely dis- 
penses with contactors and enables welds to be com- 
pleted up to a speed of 1500 per minute. It is par- 
ticularly adapted to intermittent seam welding, in 
which the work is passed between wheel electrodes 
under pressure at a constant rate. Welds of one- 
fiftieth of a second duration can easily be obtained 
at any speed from 60 to 1500 welds per minute, and 
without any moving parts other than those associated 
with the adjustments for the duty cycle. One of the 
most valuable features of the full thyratron control 
equipment is its inherent accuracy of timing, whereby 
exact duplication is possible. Having established by 
experiment the duty cycle best suited to a given piece 
of work, the exact conditions can be repeated with 
certainty. ‘The mechanical and physical properties 
of the welded metals are retained, and since each 
successive weld is of such short duration there is 


FiG. 66—THYRATRON-CONTROLLED SPOT 
WELDER-—B.T.H. 


but little, if any, subsequent distortion. Oxidisa- 
tion is said to be minimised and the non-corrosive 
properties of stainless steels are not impaired. 
The equipments are completely protected by a steel 
case, and can be supplied for controlling the heaviest 
kVA demands met with in resistance seam or spot 
welding. A standard thyratron equipment, similarly 
housed in a steel pillar, is also available for the control 
of individual spot welds. In this case a switch on the 
welding machine is caused to complete a circuit after 
the electrodes have closed down on the work. The 
thyratron equipment then permits current to flow 
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for a short time, which can be accurately controlled. 
The standard equipment will give welds as short as 
one-fiftieth of a second with a high degree of con- 
sistency, and is particularly suited to the welding of 
stainless steel, aluminium, &c. The B.T.H. Com- 
pany is prepared, however, to give consideration 
to welding problems in which intervals in the neigh- 
bourhood of one-hundredth or one-two-hundredth of 
a second are required. 

In spot welding in which the work has to be posi- 
tioned’ by the.eperator, the number of welds per 
minute is of necessity controlled by the operator, but 
the actual duration of the welding time offers a field 
of application for the thyratron timer, which controls 
the duration of the weld within close limits. It is 
particularly adapted to the spot welding of mild steel, 
and certain alloys when the speed of welding is not 
more than, say, 120 welds per minute, but when 
heat intensity of a short period is required for the 
actual welding process. 

The thyratron timer and welding contactor equip- 
ment can be adjusted to give a welding time down to 
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about one-tenth of a second, and when the time has 
been set it remains constant and in no way dependent 
upon manual dexterity. A thyratron-controlled spot 
welder is shown in Fig. 66 and a seam welder in 
Fig. 67. 


British INSULATED CaBLes, Lrp. 


Amongst recent welders developed by British 
Insulated Cables, Ltd., of Prescot Lanes., is the heavy 
duty butt welder shown in Fig. 69. It is designed for 
welding high-speed steel to mild steel shanks up to 6 
square inches in section continuously or up to 8 square 
inches intermittently. The swarf emitted by high- 
speed steel during flashing operations is more destruc- 
tive than that from mild steel and unless precautions 
are taken it causes excessive wear on the moving parts. 
In this machine special protection has therefore been 








Te Leger 








FIG. 68—-WELDER FOR CROSSED WIRES—B.1.C. 


provided. One of the chief characteristics of this 
welder is the clamping arrangement. The slide is 
mounted on the front of the machine, thus giving the 
operator a clear view of the weld and, at the same 
time, facilitating adjustment. One contact block 
is provided with horizontal adjustment and the other 
with vertical adjustment. Provision is made for 
fitting back stops, if required. 

The upsetting gear is of special design. On smaller 
machines the capstan operated screw upsetting gear 
enables the flashing and final upset pressures to be 
applied with ease. For larger sections, however, it 
has been found that the final upset pressure is beyond 


the scope of hand-operated gear. An auxiliary motor 
drive is therefore fitted to this machine. The operator 
carries out the flashing operation by means of the 
capstan wheel, and when the final upsetting pressure 
is required he brings the motor-driven gear into 
operation by pressure on a pedal. The motor cuts 
out automatically as soon as the full pressure has been 
applied. The welder has a normal rating of 120 kW, 
and, in addition to toolmaking, is very suitable for 
use as a heavy duty general purpose butt welder in 
railway and engineering shops. 

The machine shown in Fig. 68 has been designed 
by British Insulated Cables, Ltd., for making up to 
twenty-five welds in one operation on jin. diameter 
crossed wires. The welds are made by the time cycle 


weld automatically. If speed is the operator’s main 
consideration, there is the possibility that the current 
will not be left on long enough to make a good weld, 
but by the use of the relay the circuit cannot be broken 
until the metal has reached the required condition. 


METROPOLITAN-VICKERS ELECTRICAL COMPANY, 
Lrp. 


A thyratron control equipment which presents 
certain points of interest has also been developed by the 
Metropolitan-Vickers Electrical Company, Ltd., for 
the welding of thin sheets of aluminium and the 
light alloys. On account of the high thermal 





conductivity of the aluminium alloys and the 
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method, which ensures perfect cohesion between the 
wires. A 30-kW air-cooled static transformer is 
mounted in the cast iron machine body, upon which 
the fixed top stake is mounted. Tappings are taken 
from the transformer primary winding to a plug box 
with six receptacles, and with the aid of two plugs 
eight welding speeds are obtained. 

The top electrode is driven by a 14 H.P. motor 
mounted on the back of the machine. Control is 
obtained through a mechanical clutch from a foot 
pedal. Continuous movement of the top electrode 
may be made in accordance with a definite time cycle, 
or welds may be obtained at intervals. Movement 
of the electrode is effected by means of an excentric 
operating a lever in the top stake coupled through 
toggles to the electrode head mounted in a non-ferrous 
metal slide. Pressure on the electrodes is applied by 
the motor and is adjusted by a:hand wheel which 
compresses a helical spring on the back rod. 

The motor mounted on the back of the machine also 
drives the timing gear to control the main current 
supply through a double-pole contactor. The period 
during which the current is applied may be adjusted 
to suit the different thicknesses of wire. The machine 
may also be used for making projection welds in 
16 S.W.G. clean mild steel sheet, the welds being in a 
row of not more than sixteen spots approximately jin. 
diameter at fin. spacing. The speed of operating is 
four-fifths of a second, and the speed of motor 
555 r.p.m. The net weight is approximately 2500 lb. 


An automatic control system for spot welders, 
designed by British Insulated Cables, Ltd., with the 
object of producing results independent of the 
operator’s skill, is shown in the diagram Fig. 70. A 
relay is used with two coils A and B. The former is 
connected across the primary winding of the trans- 
former and the latter across the welding tips. The 
two pivoted beams on which the coils are mounted are 
so arranged that when the beam D swings to its 
extreme position it trips the beam E and so breaks the 
circuit at the mercury cups F. When the pedal of 
the machine is depressed the switch G closes and 
completes the contactor citcuit. When the full 
pressure is applied to the pedal this switch breaks the 
circuit, but there is an alternative path through the 
interlocking contacts H. 

When current is passed through the coil A the beam 
tends to rise, but. the movement is counteracted at 
the beginning of the weld by the retarding action of 
the coil B. But as the current finds its direct path 
through the material to be welded the voltage of the 
welding tips falls until at a predetermined: point which 
can be varied by the adjusting screw, the retarding 
influence of the coil B weakens and its effect on coil A 
is reduced until the beam D rises and trips the beam E, 
with the result that the contactor circuit is broken at 
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fact that the metal must be actually molten to 
make a weld, it is necessary in making a spot weld 
that the welding time should be short and the welding 
current high. Times in the neighbourhood of one- 
fiftieth of a second and currents of 20,000 amperes, 
depending on the thickness of the sheets, are found to 
be satisfactory. A high-pressure must be exerted by 
the electrodes on the place to be welded, both to 
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FIG 70—AUTOMATIC CONTROL SYSTEM-—8B.1.C. 


reduce the unavoidable variation in contact resistance 
between the contacting surfaces of the sheets and to 
provide a forging action on the hot metal. 

To obtain the required precision in the welding 
time the main power supply to the welding trans- 
former is made and broken by a pair of hot cathode 
thyratrons interposed in one of the primary leads to 





F. The device can be fitted to any machine already 








installed and provides a means of producing a sound 





the transformer. The welding current is fired at a 
definite point in the voltage wave and the duration 
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of flow of the welding current is determined by a 
timing circuit employing a small thyratron. In this 
way it is possible to secure a welding current which 
can be exactly reproduced for any required number of 
successive spot welds. The welding time may be set 
by means of a small selector switch on the equipment 
for any duration from one-hundredth to one-fifth of 
a second, while the welding current may be adjusted 
by tap switches on the transformer over a range up to 
30,000 amperes. The portable welding electrodes 
are carried on a small casting and are supplied with the 
welding current by a flexible multi-core cable from 


the welding transformer. Spot welding can therefore 
be carried out at any position over a radius up to 
14ft. from the terminals of the welding transformer. 
It will be appreciated that to convey these large 
welding currents by a flexible cable over a distance of 
14ft. requires a kVA which is out of all proportion to 
the watt-seconds required at the spot weld. The 
equipment has, in fact, a momentary rating of 
300 kVA, almost the whole of which is absorbed in 
the cable and transformer impedances. 

To obtain the high electrode pressures required 
and at the same time to preserve portability a small 








hydraulic cylinder is mounted on the electrode 
assembly, and electrode pressures up to about 1000 lb. 
are obtainable. The variable hydraulic pressure 
required is obtained from an intensifier working from 
the shop air supply and is adjustable by means of an 
air reducing valve on the air inlet. The welding 
current is fired when the desired electrode pressure 
has been reached by an adjustable contact from the 
hydraulic gauge. In operation the weld is made by 
the operator depressing a push button, which applies 
the electrode pressure and fires the welding current 
automatically. 














)) LECTRIC are welding is now established in all the 
4 main industries, and is used not only as a medium 
of repair, but as an integral process in new production. 
The field of new welded production includes bridges, 
buildings, ships, pressure vessels, rolling stock, engine 
frames and bed plates, and, in fact, all types of major, 
as well as minor, construction. Some examples of 
welding work will now be given. 


EXAMPLES OF ELEcTRIC ARC WELDING. 


The illustration, Fig. I, page xii, shows a dished end 
being circumferentially welded into the air receiver 
tank on a machine specially designed for this class of 
work. The tank is rotated at a uniform speed, the weld- 
ing head remaining stationary. A covered electrode is 
used, the mechanism by which the current is fed to 
the wire being similar to that described in the case 
of the Metrovick deck welder, Fig. 41. The machine, 
using a No. 4 gauge electrode and a 300 ampere weld- 
ing current, has a welding speed of 5}in. per minute. 
When completed, the tanks are tested under hydraulic 
pressure at 400 lb. per square inch. 

The bottom half of a 3750-kW Metrovick turbine 
is shown in Fig. II, and the shaft and spider for 





FIG. 71—MILK STORAGE TANK 


2500 H.P. electric traction motor in Fig. V. The latter 
picture illustratesan example of a built-up construction 
of flame-cut pieces welded on to a forged steel shaft 
to form a complete unit. The alternative was a steel 
casting mounted on a separate shaft, but the diffi- 
culty of obtaining a satisfactory casting without 
exceeding limitations of weight presented a problem 
to which welding supplied the solution. The fabrica- 


tion of the Metrovick turbo-alternator stator, 
Fig. VI, is a considerable improvement over 


the cast iron unit, as, apart from a considerable 
reduction in weight and machining time, greater 
rigidity is obtained. Large welded B.T.H. transformer 
tanks are shown in Fig. ITI. 

An unusual and interesting fabricated job is at 
present in the works of David Brown and Sons 
(Hudd.), Ltd., of Huddersfield. The final structure, 
Fig. IV, will be a drum, 7ft. 6in. wide by 12ft. 
diameter, weighing nearly 70 tons, for use in the 
carpet-making industry. It is being built up from 
two centres bolted together with three rims shrunk 
on to make a complete unit. Each centre comprises 


a flanged cast steel boss, 24in. thick steel plate discs 
and ribs, and a rim superimposed in six segments, 
each 1#in. thick. The skeleton structure on the right- 
hand side of the illustration shows how the centres are 
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built up. Gn the left is a complete centre almost 
ready for annealing, the approximate weight of one 
centre in this condition being 20 tons. In the rough 
state the rims each weigh about 9 tons, are 30in. 
wide and 5in. thick. Each rim is made from two semi- 
circular segments electrically welded together. 
Steam chambers are formed by turning suitable 
stepped annular channels over which fin. thick, semi- 
circular plates are welded flush with the periphery. 





There will be three channels in each of the two rims. 
The sequence of operations in the production of these 
rims is :—(1) Rolling, (2) annealing, (3) semi-circular 
segments welded together, (4) channels machined, 
(5) external plates welded in position, (6) re-annealed 
to relieve welding stresses, (7) final machining, and 
(8) shrinking on to centres. All parts are flame cut and 
electrically welded. 

Electric welding in the gas industry has hitherto 
been mainly confined to countries outside the British 
Isles, but during the past few years the conditions 
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of this country have hindered progress, but during 
the last few years there has been substantial pro- 
gress. There are at present several gas plant con- 
structions on which electric welding is being em- 
ployed. One is an all-welded spiral guided gasholder 
at Newhaven, built by the Oxley Engineering Com- 
pany, Leeds. This holder, shown in Fig. XI, is the 
largest of its kind to be erected in this country. Its 





FIG. 72—GIRDER 





present capacity is 150,000 cubic feet, but when a 





















third lift is added it will be increased to 230,000 cubic 
feet. 

At present there are two lifts, and provision has 
been made for a third. A steel tank, 69ft. in dia- 
meter and 25ft. 6in. deep, forms the base of the holder, 
the side plating of the tank being lap jointed and 
welded inside and out. The lifts are constructed on 
the Hollis patented system employing a framework 
of R.S.J.’s connected by angle purlins curved to the 
radius of the lifts and welded to the vertical stays. 
The side platings of the lifts are placed at 45 deg., 
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have changed. As far back as 1922, an all-electrically 
welded gasholder of 3 million cubic feet capacity was 
erected at Melbourne, and was followed soon after 
by others of 2? and 3 million cubic feet capacity. 
The process’ has also been used in Australia for the 
construction of steel buildings, purifiers, coke-handling 
plant, gas mains, gas washers, &c., not to mention 
its application in connection with repair work on 





boilers, conveyors, &c. Restrictions in various parts 








as shown in Fig. XII, the plates under the spiral guide 
rails being composed of mild steel, fin. thick. All 
the intermediate plating is composed of #in. wrought 
iron. These plates were lap jointed and no holes for 
service bolts were necessary, as it was possible to 
tack-weld the plates to the angle purlins and vertical 
stays. The seams were continuously welded inside 
and out, while the spiral guide rails were attached 
to the mild steel sheets by continuous fillet welds on 
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each side of the flange, as shown in Fig. XITT. 

On the inner lift the roof trusses are of more or less 
orthodox construction, except that the purlin junc- 
tion plates were welded to the rafter backs during 
erection, thus eliminating any necessity to foree the 
purlins into position. The roof sheeting was lap 
jointed and welded on the outside. All the electrodes 
were supplied by the Quasi Are Company, Ltd. 

Another interesting gas construction carried out by 
the Oxley Engineering Company is that of four all- 
welded gas purifiers, recently completed at Stretford 
(Fig. 82). On this job Quasi Arc electrodes were also 
used. These purifiers are of the dry seal type, each 
measuring 40't. by 30ft. by 12it. deep. They are 
housed in one box measuring 120ft. by 40ft. wide, 
the total capacity being 7,000,000 cubic feet per 
twenty-four hours. They are said to be the largest 
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purifiers of the type to be erected in any gasworks. 
The boxes are supported on columns 13ft. high, fitted 
with welded caps and bases. The transverse girders 
carry nine lines of longitudinal girders running the 
entire length of the boxes. The bottom and side 
plating is fin. thick and butt welded. Half-inch “ T” 
stiffening bars are welded to the side panels. A system 
of inlet and outlet connections is also fitted and 
these terminate in a series of Hollis patented reverse 
and divided flow valves, the bodies of which are fabri- 
cated by welding. Cast iron deck standards are fitted 
inside and these carry pockets to receive the “ T’ 
section grid bearers; all other internal fitments are 
welded in position (Fig. 83). The all-welded purifier 
covers were delivered to the site in two parts and 
welded together in situ. The whole of the internal 
surfaces of the boxes were sprayed with asbestos to 
prevent corrosion, whilst the underside of the covers 





FIG. 75—REPAIRED PUNCH PRESS 


was insulated with lin. thick ‘‘ Limpet’”’ asbestos, 
The inlet and outlet pipe system of 30in. diameter was 
built up by welding, including the “'T ” joints. The 
pipes themselves were constructed from }in. material 
and were butt welded, as shown in Fig. 84. Alto- 
gether 350 tons of steel and 50 tons of cast iron were 
used in this construetion. There appears to be very 
little difference in the cost of this type of construction 
and a riveted one of similar size. The main argument 
in favour of the welded one is, of course, its superior 
strength and the fact that a “gas-tight”? job is 
guaranteed. 

In Fig. VIII is shown an oil engine bed welded 
with the Lincoln Electric Company’s Fleetweld 
electrodes ; in Fig. IX a 6000 H.P. water 
turbine casing welded by Thompson Brothers 
(Bilston), Ltd., Bradley Engineering Works, Bilston, 


water wheel alternator ; and Fig. VIL a Babcock and 
Wilcox fractionating column. The water wheel 
alternator stator is 24ft. in diameter, and was fabri- 
cated in four pieces for ease of transport. By the 
adoption of a welded construction, the cost of 
machining operations was considerably reduced, as 
large machine tools were not locked up for long 
periods as would have been the case with a casting, 


most of the machining being completed before 
FIG. 76—FOUNDATION FOR A 
assembly. The Babcock vessel shown in Fig. VII has 


an inside diameter of 5ft., and is 63ft. long over the 
heads. The illustration shows the nozzles, manways, 
and other mountings marked off for drilling and 
machining. Following the welding, the vessel was 
stress relieved. The test pressure was 290 |b. per 
square inch. 

The welding of pressure vessels in which Babcock 





and circumferential joints are subjected to X-ray 
examination to prove the soundness of the weld, 
and all vessels are stress relieved after welding, 
thus eliminating any tendency to weakness and 
brittleness and the danger of localised corrosion. 
The bend test specified is not less than 30 per cent. 
elongation of outside fibres, as compared with 20 per 
cent. for standard specifications. The tensile strength 
of the joint, as shown by test, calls for 100 per cent. 








LARGE TURBO- ALTERNATOR 
of that of the plate, the elongation of the weld metal 
itself, 20 per cent. in 2in.; while the specific gravity 
must not be below 7-80. Other types of welding do 
not require a density determination. Qualification 
tests of welders are made continuously during pro- 
duction by test plates, and all the tests mentioned 
may be observed by a duly authorised inspector. 
While many of the Babcock fusion welded vessels 

















and Wilcox specialises is, of course, a special job. 
The damage to life and property and the loss of pro- 
duction that may result from a single failure will 
justify many times over the relatively small additional 
cost of the best welding obtainable. Babcock 
Class I fusion welding is claimed to be satisfactory 
in every way for pressure vessels. All longitudinal 


FIG. 77—REPAIRED GRAIN ELEVATOR ROTOR 


are fabricated from fire-box quality steel, the process 
is applicable to special steels. Several thousand 
tests of welded joints were made during the develop- 
ment of the process in an effort to check the results 
from every angle. Specimens were subjected to the 
usual tension, bending elongation, and impact tests, 
and the chemical composition was compared with that 











Stafis.; in Fig. X a stator for a Metropolitan- Vickers 
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of the plate. Density examinations and microscopic 
studies were carried out and photomicrographs were 
taken. Fatigue tests were made both on laboratory 
specimens and on full-sized vessels. 

Among other firms specialising in the manufac- 
ture of welded pressure vessels is John Thompson 
(Wolverhampton), Ltd., and G. A. Harvey and Co. 
(London), Ltd. Four weldedsevaporators made by 
the latter firm and claimed:to.be.the largest pressure 
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vessels so far constructed to Lloyd’s class (1) code 
were described m our issue of September 18th last. 
In the laboratory and works of Thompson (Bilston), 
Ltd., of Bradley, Bilston, Staffs., attention has been 
paid to all kinds of alloy welding and the welding of 
mild steel. The firm carries out work to meet the 
diverse requirements of the dairy, brewery, food- 
stuffs, and chemical industries. The range of welding 
extends from 20 gauge to 2in. thick in mild steel and 








to our notice by this firm, that shown in Fig. 71 is 
one of the most interesting. It represents the largest 
‘‘ Staybrite ’ milk storage tank in Britain. It has a 
capacity of no less than 5000 gallons, and was supplied 
complete with a stainless steel agitator, manhole, 
and supports of cast iron. By way of comparison, 
a 5-gallon tank is shown on the left of the illustration. 
In the construction of the large vessel electric welding 
was adopted. Another example of an electrically 
welded job is given in Fig. 73, which shows a 1350- 
gallon stainless steel electrically welded milk tank 
lagged with 2in. Alfol. The illustration Fig. 78 
shows a fabricated oil engine frame built up from 
flat mild steel plates connected with light fillet 
welds. Quasi-Are electrodes were used. The 
engine is rated at 2900 B.H.P. at 92 rp.m. A 
saving of 50 tons is said to have been effected by the 
welded construction and a decrease in length of 7ft. 
During a test the engine, although not bolted down, 
ran at 92 r.p.m. without tremor or vibration. 

Innumerable examples of repair work carried out 
by welding might be given, but it must suffice to 
call attention to one or two. In Fig. 74 is shown a 
repaired heavy cast iron oil engine cover, and in 
Fig. 77 a repaired grain elevator rotor. Both these 
jobs were carried out by the C. and M. Welding Com- 
pany, of Cayton-street, City-road, E.C., which has 
been interested in the development of various 
branches of welding since 1918. The firm specialises 
in all classes of site welding, both structural and 
maintenance. Railway bridge strengthening, the 
building up of permanent way points and the re- 
surfacing of manganese points and crossings are 
examples of the work the firm has undertaken. 
Structural steel work includes work in connection 
with alterations to Paddington Station, maintenance 
work at electricity generating stations, gas and water- 
works in the metropolitan area, and specialised work 
connected with the chemical, soap, and food indus- 
tries. The fabrication of tanks, light and heavy 
ducting, bed plates, fire-boxes, pressure vessels, &c., 
is also undertaken. 

In Fig. 75 is shown a cast iron punch press which has 
been repaired with the Lincoln Electric Company’s 
‘Ferroweld’”’ electrodes. Since the press was 


believed to be the largest of its kind undertaken in 
this country. The contract was for six welded girders, 
12}ft. deep by nearly 60ft. long (Fig. 72). The 
girders were of such abnormal dimensions that special 
Sunday traffic arrangements had to be made for their 











FIG. 84—GAS PURIFIER PIPEWORK 


conveyance. With the growing tendency during 
recent years towards fabricated steel construction 
work, Head, Wrightson and Co. have instituted a 
special welding department. 

A girder foundation for a large turbo-alternator, 





built by the Metropolitan-Vickers Electrical Com- 
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various alloy metals. Among the Thompson pro- 
ducts are aircraft components, chemical plant, 
galvanising plant, heat treatment pots, jacketed 
pans and tanks, milk storage and transport tanks, 
and other tanks and vacuum pans for all purposes. 

Of the many illustrations of welded work brought 
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repaired it has been in use for ten years. 
broken while punching }#in. holes in jin. plate, but 


since it has been welded it has punched l}in. holes 


in. lin. plate. 


Head, Wrightson and Co., Ltd., of Thornaby-on- 
Tees, have recently completed a contract which is 











FIG. 82—GAS PURIFIER 
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IN THE COURSE OF CONSTRUCTION 


pany, is shown in Fig. 76. In designing the founda- 
tion for this turbo-alternator, two considerations had 
to be taken into account—limited headroom and 
the necessity for keeping the deflection on load to a 
very low value, ten-thousandths of an inch at any 
point on the turbine foundation being the limit 
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allowed. The case was an exceptional one, as the 
structure carries running machinery, and had to be 
designed to meet the contingency of the turbine rotor 
running through a critical speed at a point about 
30 per cent. above normal. Sjiffness was therefore 
of great importance, and the, structure was more 
massive than the loading justified. Welding supplied 


new lift bridge across the river Tees. Where the road- 
way crosses the L.N.E. railway line, an all-welded 
bridge has been erected to carry the approach road. 
It was built by Dorman, Long, Ltd., and is the largest 
all-welded bridge in this country. It consists of five 
spans, the centre one being 64ft., with two spans of 
48ft. and 28ft. on each side, the total width being 





whole of the sections were constructed in the shop ° 
under strict supervision from welding engineers. The 
only joints made on site were those connecting the 
tops of the columns to the main girders, double-run 
fillet welds between transverse diaphragms and main 
girder webs, and, of course, the connection for the 
deck system. 





From an examination of the details 











aa 


XQ 





FiG. 85—THE WELDED SHIP 


the only solutpn to the problem. The adoption of 
this method gr ag also afforded the advan- 
tages of allowhg the mass of pipes to be run with 
greater ease than would have been possible with 
solid concrete, jnd at the same time permitting easier 
access to the ppe work in case of breakdown. 


STEE] STRUCTURES AND BRIDGES. 
The applicaton of electric welding to steel struc- 
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58ft. The loading for which the bridge is designed 
is exceptionally heavy and necessitates the use of 
seven main ribs underneath the roadway, with an 
outer rib of lighter construction underneath each 
parapet. The entire structure has been built up from 
flat plate by welding. The main girder flanges are 
constructed from heavy single plates, varying in 
thickness from l}in. to 24in., which were butt welded 
and fitted with welded edge covers. The main girder 





tures and brilges has brought about an almost 
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revolutionary cange in the design of these con- 
structions. Soar, most progress in this field has 
been made abroi, but there exist in this country two 
or three exampl(of welded work. One is to be found 
outside Middlesiough, on the approach road to the 


webs were connected to the flanges by small double- 
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run fillets. Web stiffeners were made from }in. flat 
plate welded to the panel ; no angles being employed 
either on the flanges or the webs. With the exception 
of the base plate which was machined from the solid, 
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of this bridge two points stand out clearly. The first 
is the predominance of butt welds over lap welds, 
which, in work of this nature, calls for closer tolerances 
in marking off and machining, but which give a greater 
saving in material and therefore cost, and also a 
cleaner appearance to the work. Thesecond point is one 
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of design. Theillustration Fig. 86 shows the manner 
in which the lower flanges of the main girders have 
been brought down in a graceful curve, extended into 
the flange of the columns. There are no ugly gussets 
or knee brackets, and no heavy angles. This type of 





the columns were fabricated from flat plate. The 
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design is true to monolithic principles and the welded 
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structures of the future are expected to follow on these 
lines. 

A good example of an economically designed roof 
truss is on the L.N.E. Railway at Gateshead, where 
a jomery workshop, with an all-welded roof and roof 
supports, has been erected. The workshop is divided 
into five bays. The roof trusses, Fig. 80, are con- 
structed of I beams cut to shape and welded, and are 
anchored to a longitudinal girder supported on 
columns. A main feature of the design is in 
the method of obtaining the joint at the apex of 
the roof. It will be seen from the illustration Fig. 80 
that a small plate is inserted between the ends of the 
members, and this is fillet welded to the beams. A 
section of I beam has been cut to form a gusset 
beneath this joint. This design gives ample strength 
and dispenses with tie bars and gives increased head- 
room. 

The advantage of welding over riveting, when it is 
desired to obtain a rigid beam to column connection, 
is Shown in Fig. 79, which illustrates one of the joints 
used in the construction of the new east stand at the 
Arsenal football stadium. The stand is 315ft. long, 
has two tiers of seating, and reaches 80ft. above 
ground level. The wind pressure produces a large 
overturning moment, which is resisted entirely 





by the rectangular frames which contain the 
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offices and dressing rooms. The few round columns 
supporting the front of the stand and roof cannot be 
assumed to share any of this moment. The frames 
in question are 90ft. high from the foundation level 
and the stanchions in each frame are at only 
20ft. 3in. centres. As diagonal bracing could not be 
employed, they were designed as rigid connections. 
The structure is designed for riveting, but it was found 
impossible to employ economical riveted connections 
sufficiently strong to resist the wind moments, which 
in some cases reach the value of 950 tons/inches, 
but the welded connections solved the problem. 
Fig. 81 shows the stand nearing completion. The 
seating accommodation is nearly 10,000 persons. 
Taking into account saving of weight, speed of 
erection, and the ability to obtain definite fixation, 
structures erected by electric welding are claimed to 
offer far greater possibilities than has been realised 
with riveted work. All the electrodes for these jobs 
were supplied by the Quasi-Arc Company, Ltd. 
SHIPBUILDING. 

Great Britain takes first place among the countries 
that have adopted welding for the construction of 
merchant vessels. It has completed the largest 
all-welded oil tanker, s.s. “‘ Moira,’’ and also the 
world’s largest lake cargo ship, the m.s. “‘ Franquelin.”’ 
Both of these vessels were built for service outside 
this country, the s.s. ““ Moira ” for Norwegian owners, 


and the m.v. “‘ Franquelin ’’ for the Canadian lakes. 
Both vessels were built on the Tyne. The two ships 
represent knowledge accumulated, over a period of 
some sixteen years. In 1920, the first rivetless ship, 
the m.v. “ Fullagar,’’ was launched from Messrs. 
Cammell Laird’s yard. Except in certain details, 
the design of this vessel differed very little from that 
of an orthodox riveted ship; there was little or no 
saving in weight or material. She was, in fact, built 
as an experiment, the success of which has been 
reflected not only in the vessel’s own career, but also 
in the performance of several vessels which have since 
been constructed by electric welding. 

Perhaps the greatest advance in the design of 
electrically welded ships has been the departure 
from lap-jointed shell plating in favour of butt 
jointing. Both of the former vessels have butt-welded 
shell plating. In the case of the s.s. ‘‘ Moira” the 
only lap joints in the outer shell plating are those 
formed by the bilge plate, which was lapped on to 
the side panels, and the connection of the deck 
stringer and the sheer strake. Internally, the s.s. 
“Moira” is of special construction, as all internal 
surfaces are free from stiffeners, angles, or other 
obstructions, thus allowing the tanks to be cleaned 
by means of the special apparatus with which she is 
fitted. To obtain these plain internal surfaces, an 
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unusual design was adopted for the centre line and 
transverse bulkheads, as shown in Fig. 91. These are 
made up of a series of troughs or corrugations, welded 
together, each section being continuously welded to the 
tank top panels at the bottom and to the underside of 
the deck panels at the top. The panels of the inner 
side shell are plain butt-welded plates, with angle 
stiffeners welded to one side. They were erected in 
panels measuring approximately 40ft. by 12ft. As it 
was possible to mount and weld these inner side panels 
direct to the tank top plating, the usual heavy 
boundary angles were dispensed with. The panels 
of the outer side shell plating were also erected in 
sections, measuring approximately 40ft. long and 
12ft. deep. They carried deep frames which fitted 
against the inner side shell plating when both were 
in position. There was sufficient room between the 
side panels for the welding operators to make these 
joints. At the fore end the side framing was built up 
by welding, the frames, Fig. 88, being constructed of 
angles joined by small plates or brackets. The deck 
systems were entirely butt welded, and of special 
interest is the formation of the deck stringer and side 
shear strake, which, in the case of the s.s. “‘ Moira,” 
are combined in one corner plate, welded to the side 
plating at its lower edge and butt welded to the deck 
plating at the other. 

The tank top panel, Fig. 92, is formed from plates 





butt welded together, and carries angle stiffeners, the 





FIG. 92—FLOOR FRAMING—S.S. 


toes of which are welded continuously on each side to 
the panel. The inter-costal framing is also welded 
to the panel in the same manner. The deep tank tops 
are similarly constructed, the outer edge of the framing 
being set over in orderto meet the shell plating at right 
angles. These panel were constructed in sections 
weighing up to 12 tens, and were placed aboard the 
bottom shell plating, which had already been prepared 
on the slipway. Fig. 87 shows the erection of the 
deep framing in the machinery space, the centre plate 
of this section being lin. thick. The s.s. ‘‘ Moira ”’ 
was built by Swan, Hunter and Wigham Richardson, 
Ltd., of Wallsend, atd was launched on April 30th, 
1935. Her length is 245ft., breadth 42ft. 2ins., depth 
18ft. and deadweight 2240 tons. 

Of more recent construction is the m.s. “ Franque- 
lin,” lake cargo ship, built for the Quebec and Ontario 
Transport Company, by Swan, Hunter and Wigham 
Richardson, Ltd., and launched in May of this year. 
The ms. ‘‘ Franquelin ” (Fig. 85) is 259ft. long with a 
breadth of 43ft. 10in,; her moulded depth is 22ft. and 
her draught 14ft.; she has a deadweight of 3050 tons. 
Designed for the transport of wood pulp, newsprint, 
&c., on the Great Lakes and canals of Canada, the 
vessel represents the latest development in welded 
cargo ships. The design incorporates a ‘ conduit 
bilge ’ system, which consists of a triangular tank or 


**MoIRA"’ 


“‘eonduit ’’ running the length of the bilge. This 
conduit forms the bilge itself and is stiffened by 
means of flanged frames welded to the inside. <A 
section of the conduit bilge is shown in Fig. 89, 
while Fig. 90 shows the ereetion of a section of the 
conduit bilge. The bottom and tank top frames 
are of similar construction to that of the s.s. 
“Moira.” As may be gathered from the illus- 
tration, the base of the bilge tank is in the same plane 
as the bottom plating, and is, in fact, welded to it. 
The hypotenuse of the triangular tank forms a 
hopper side in the hold, whilst the vertical side of 
the conduit is continued upwards to meet the side 
shell panels, to which it is lap welded. The side shell 
angle stiffeners were welded to the tops of the conduit 
bilge and were further strengthened by gusset plates 
welded on at their bases. Transverse bulkheads 
were constructed in two sections and carried 
stiffeners on one side only. The bulkheads were 
set on to the bottom plating, but they were cut away 
at the side to allow the conduit bilge to pass through. 
Large brackets of rolled flange section are welded 
to the tops of the transverse bulkheads and support 
the deck plating; similar brackets were welded to 
the tops of the side shell panels to support the deck 
stringer. The illustration, Fig. 85, shows the launch 
of the m.s. ‘ Franquelin.’”’ It will be noted that her 
draught unladen is less than 2ft. In the construction 





of these vessels Quasi-Are. electrodes were used. 
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A Seven-Day Journal 


> 
Raw Materials and Exports. 


In the course of his address at the fiftieth ordinary 
general meeting of Braithwaite and Co., Engineers, 
Ltd., held in London on Wednesday, October 21st, 
Mr. J. H. Humphryes, Assoc. M. Inst. C.E., M.I. 
Struct. E., the chairman of the company, made an 
important reference to the effect of the cost of raw 
materials on trade overseas. He said that under the 
conditions ruling to-day the retention of oversea 
markets for bridgework and structural steelwork 
was @ matter of ever-increasing difficulty in which 
the British manufacturer must look for support to 
Government and official quarters. The recent appoint- 
ment of a representative of the Export Credits 
Guarantee Department to be resident in China was 
a welcome indication that the Government was alive 
to the importance of a forward policy in foreign 
markets, and it was to be hoped that similar appoint- 
ments might be found possible in other countries 
where there existed a market for capital goods of 
British manufacture. Even so, the provision of 
credit was not sufficient in itself, and if our oversea 
trade was to be maintained we must be accorded some 
support in the price of our raw materials. It was 
perhaps only natural that the steel makers, working 
at maximum pressure to supply a highly protected 
home market, should show no great concern for our 
difficulties oversea, but it was just at this moment, 
when high output had reduced production cost, that 
they ought to be able and willing to support structural 
engineers in their efforts to retain a foothold in 
foreign markets. It was to be hoped, he suggested, 
that a long view would be taken of that urgent and 
vital problem. 


The British Engineers’ Association. 


At a Council meeting of the British Engineers’ 
Association (Inc.) held after the annual general 
meeting on Thursday, October 22nd, Lieut.-Colonel 
Lord Dudley Gordon, the managing director of 
J. and E. Hall, Ltd., of Dartford, was unanimously 
elected President of the Association for the ensuing 
year. Lord Dudley was educated at Cargilfield, 
Edinburgh, and at Harrow. After leaving Harrow 
he became a pupil at the shipyard of Hall Russell and 
Co., Ltd., of Aberdeen, and spent a further period as 
pupil at the works of W. H. Allen, Sons and Co., Ltd., 
of Bedford. In 1907 he held a staff appointment with 
that firm for a short period, but in the same year he 
joined J. and E. Hall, Ltd., of Dartford, and after a 
period spent in the works and on outside erection, 
became a member of the staff of the company. He was 
made a director in 1910, and in 1912 was appointed 
one of its managing directors. During the war Lord 
Dudley served with the Gordon Highlanders, and 
won the D.S.O. decoration. Since the war he has taken 
a great interest in locel public work. He was the 
first President of the Association of Dartford Indus- 
tries, and at the present time is Chairman of the 
Industrial Association of North Kent. He is a 
Past-President of the British Association of Refrigera- 
tion. In 1932 he played an important part in initiat- 
ing the B.E.A. Group of Refrigerating Machinery 
Makers, and became its permanent Chairman the 
following year. In the same year he was co-opted 
to serve on the Council of the British Engineers’ 
Association, and last October was elected a Vice- 
President. In now taking office as President, he will 
maintain the close connection between the B.E.A. 
and his firm, whose chairman, Mr. H. J. Ward, held 
the office of President during the years 1925-1928. 


The Retirement of Sir G. McLaren Brown. 


On Tuesday, October 27th, a dinner was given at 
the Wharncliffe Rooms, in honour of Sir George 
McLaren Brown, the European general manager of the 
Canadian Pacific Companies, who has just retired after 
close upon fifty years’ service with the company, of 
which twenty-eight were spent in London. Some 350 
members of the staffs of the Canadian Pacific Railway 
and Canadian Pacific Steamships attended the recep- 
tion and dinner, at which Sir George was presented 
with his portrait in oils. Sir George McLaren Brown 
was born in Hamilton, Ontario, in 1865, and received 
his education at Shrewsbury, in England, and at 
Upper Canada College, Toronto. He started his 
career with the Northern and North-Western Rail- 
way, and in 1887 entered the service of the Canadian 
Pacific Railway, Vancouver, B.C., and held the 
offices of passenger agent and district passenger agent 
for British Columbia and the U.S. Coast, and was 
executive representative, B.C. Later he was appointed 
general’ superintendent of dining, sleeping car, and 
hotel services, and general passenger agent, ocean 
services, at Montreal. From that position he .was 
transferred to London in 1909, and in 1910 was 
appointed the European manager. During the war 
he served from March, 1917, to April, 1918, as 
Assistant Director of Movements, and from that date 
to the end of the war as Assistant Director-General 
of Movements and Railways. For his war services he 
was created K.B.E. in 1919. In the same year he 





became European general manager of the Canadian 
Pacific Railway and in 1925 director of Canadian 
Pacific Steamships. Sir George has always taken a 
prominent part in Canadian and Imperial affairs, and 
was first President of the Canadian Chamber of 
Commerce in Great Britein. He is Deputy Chairman 
of the Federation of Chambers of Commerce of the 
British Empire, and a member of the General Com- 
mittee of Management and of the Technical Com- 
mittee of Lloyd’s Register of Shipping. 


The Irthlingborough Road Viaduct. 


On Friday, October 23rd, Mr. Hore-Belisha, the 
Minister of Transport, formally opened to traffic the 
new bridge which carries the London-Carlisle road, 
A 6, over the London, Midland and Scottish Railway 
and the river Nene at Irthlingborough, Northampton- 
shire. The bridge is in the form of a concrete viaduct, 
with twenty-nine spans, and has a total length, 
including approach roads, of more than half a mile. 
It was built by the County Council with the aid of a 
grant from the Road Fund at a cost of £56,000, 
and forms a connecting link between the old road 
south of Irthlingborough and the new by-pass road 
constructed by the County Council on the north 
side of the town. The by-pass and bridge will enable 
motorists to avoid a narrow and dangerous length of 
the old London—Carlisle road, including two danger 
spots which have been the cause of much congestion. 
In the course of a speech which was made at the 
luncheon following the opening ceremony, Mr. Hore- 
Belisha said that in the country as a whole the next 
five years showed every sign of being a period of 
great road reconstruction—he hoped, indeed, one 
of the historic periods of road reconstruction. The 
proposals submitted by highway authorities for major 
improvements to be put in hand during the quin- 
quennium amounted to over £140,000,000. In addi- 
tion, some £16,000,000 worth of work remained to 
be completed on other major improvements outside 
the five-year programme, and if the proposals for 
taking over the trunk roads were approved by Parlia- 
ment, there would be a substantial enlargement and 
speeding up of work on those roads. All that was 
over and above an annual expenditure in excess of 
£35,000,000 on maintenance and minor improvements, 
and smaller sums in respect of various devices for 
regulating traffic and increasing safety. 


Safety in Mines. 


At the resumed sitting of the Royal Commission 
on Safety in Coal Mines on Monday, October 19th, and 
Tuesday, October 20th, the evidence of Mr. J. A. B. 
Horsley, H.M. Electrical Inspector of Mines, was taken. 
After reviewing the development of electricalapparatus 
in mines and the accidents arising therefrom, Mr. 
Horsley pointed out that in spite of the development of 
electrical operation, especially in the use of coal-cutting 
machines, the number of electrical accidents showed 
no comparable increase. A tendency for non-fatal 
electric shock accidents below ground to increase 
marched with the increase of coal face machinery, 
but no such tendency was shown in ignition of fire- 
damp owing to the use of electricity. Dealing with 
the regulations, Mr. Horsley suggested that amend- 
ments might be made giving greater stringency to 
the requirements for the automatic protection of 
circuits, the use of metallic screens for flexible cables 
employed with coal cutters and conveyors, and to 
the compulsory use of certified flameproof apparatus 
within certain areas. Evidence submitted by the 
Association of Mining Electrical Engineers alluded 
to the fact that while many boys and youths were 
attracted to the electrical side of mining, difficulty 
in keeping them in the industry arose in view of the 
better opportunities available for skilled men else- 
where. The status of electricians-in-charge should 
be raised, in the opinion of the Association, and 
certificates of competency should be made necessary. 


The New Battleships. 


At the Nelson Day dinner of the Navy League, on 
Tuesday last, October 27th, Sir Samuel Hoare, First 
Lord of the Admiralty, announced that the naval 
construction programme, which is spread to a large 
extent over the depressed areas, was proceeding 
satisfactorily. Referring to the size of the ships, the 
First Lord stated that it was hoped that an upper 
limit of 35,000 tons had now been established. In 
the circumstances it was inevitable that Great 
Britain should possess ships no less powerful or 
modern than those of other Powers. Accordingly 
immense trouble had been taken with the designs of 
the new ships in order that the experience of the war, 
the lessons of experience, and the developments of 
science should be incorporated. For some time there 
had been constant consultation with the commanders 
of the two chief Fleets and between the staffs in 
London and afloat, so that the designs should be the 
joint result. of the most meticulous study and the 
lessons of actual practice. Referring to the Royal 
Corps of Naval Constructors, Sir Samuel Hoare 
stated that it was composed of a splendid body of 
men, to whom the Navy owed a great debt, and that 
since it carried out the Board of Admiralty’s instruc- 
tions, criticisms should be levelled, not at the Corps, 
but at the Board. As an example Sir Samuel referred 
to the record of Sir Arthur Johns, the Director of the 





Corps, who recently retired, who was known as the 
most accessible public official, both to wise suggestion 
and to personal experience from serving officers. 
The Corps had deserved well of the country, and Sir 
Samuel considered that there was now a reasonable 
chance of improvements in certain directions in the 
prospects and careers of the members. 


The Manifold Valley Railway. 


In a Journal note of September 11th we made 
reference to the efforts of the Cheadle Rural District 
Council to retain access to the Manifold Valley and 
Dovedale, which is provided by the now disused Leek 
and Manifold Valley Railway, and its suggestion that 
the railway track and bridges might probably be 
purchased from the London, Midland and Scottish 
Railway Company for permanent use as a public 
footpath. At a meeting of the Cheadle Council held 
on Friday, October 23rd, it was announced that the 
L.M.S. Railway Company had offered to the Stafford- 
shire County Council, as a free gift, the site of the 
railway, including the superstructure of bridges over 
the waterways, with a view to its preservation as a 
means of access to the valley by the public and the 
provision of a right of way for that purpose. The gift 
is subject to the condition that the company be 
relieved of any liability to maintain any of the bridges, 
roads, fences, retaining walls, and tunnels. In some 
cases accommodation works have been provided for 
the benefit of landowners, and mines and minerals 
and fishing rights have been reserved by the vendors 
of the company. The company is to clear the per- 
manent way from the site, and will remove other 
railway material, such as the platforms, the signals, 
and the buildings. We are given to understand that 
the Staffordshire County Council is dealing with the 
matter in the light of the railway company’s offer. 


A Scottish Empire Exhibition. 


AN official appeal for support for the proposed 
Seottish Empire Exhibition, which is to be held im 
Bellahouston Park, Glasgow, in 1938, has now been 
issued by the Scottish Development Council. Accom- 
panying the appeal is a list of some of the guarantees, 
which were made prior to the issue of the appeal. 
and which, with the new guarantees, now amount to 
over half of the minimum of £250,000 which is aimed 
at. The response has, however, been so good that it 
is confidently expected that at least £500,000 will be 
forthcoming. The appeal is signed by the Earl of 
Elgin, the President of the Exhibition ; Mr. Cecil M. 
Weir, the Convener; and Mr. Norman L. Hird and 
Captain C. A. Salvesen, the Vice-Conveners of the 
General Committee. The Committee expresses its 
confidence in the holding of the Exhibition, which, it 
states, should do much to stimulate and encourage 
the industries and welfare of Scotland, and should 
prove of benefit to the Empire as a whole. On 
Wednesday, October 2Ist, it was announced that, 
with the approval of H.M. Treasury, the Department 
of Overseas Trade had agreed that Captain Graham 
should be temporarily detached from the Department 
for such period as might be required in order to carry 
out the arrangements for the Exhibition. Captain 
Graham took up his duties in Glasgow at the end of 
last week. 


The Opening of the Kincardine-on-Forth 
Bridge. 


On Thursday, October 29th, at eleven o'clock, the 
formal opening took place of the Kincardine-on- 
Forth Bridge, the construction of which was described 
in our issues of February 2Ist and 28th, when we 
dealt with the founding of the piers, and in our issues 
of August 14th and 21st, when we dealt more par- 
ticularly with the design and construction of the 
spans. Elsewhere in to-day’s issue we give a descrip- 
tion of the electrical controls for the swing span. 
The bridge, we may recall, was designed by Sir Alex- 
ander Gibb and Partners, of Westminster, and the 
contractors for its construction were the Cleveland 
Bridge and Engineering Company, Ltd., of Darling- 
ton. Following the dedication of the bridge by the 
Moderator of the Church of Scotland, a speech was 
made by the Rt. Hon. Earl of Elgin and Kincerdine, 
after which Major J. C. Cook, M. Inst. C.E., the Chief 
Engineer of the Ministry of Transport, spoke, and 
Mr. J. R. Dixon responded on behalf of the con- 
tractors. Shortly before noon Sir Alexander Gibb, 
F.R.S., M. Inst. C.E., ivited the three conveners to 
close three switches arranged on the dais, which 
ceremony was performed by the Rt. Hon. Earl of 
Mar and Kellie, Convener of Clackmannan, Mr. 
C. E. Horsbrugh, Convener of Stirling, and the 
Rt. Hon. Earl of Elgin and Kincardine, Convener of 
Fife. After the opening span was swung, the safety 
gates across the roadway at the portal were lifted 
and the Union Jack broken on the flagstaff abeve the 
portal. The platform party then proceeded to inspect 
the electrical control equipment of the swing span, 
which was swung open to allow the Forth Con- 
servancy steamer s.s. ‘‘ Corega,” to pass through the 
navigation opening. The platform party then 
descended from the cabin and, followed by the guests, 
walked across the bridge to Kincardine. About 
three o’clock in the afternoon the bridge was thrown 
open for public traffic. 
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The Art of 


Gear Design. 


By H. E. MERRITT, D.Sc. 
No. XVI. 
(Continued from page 425, October 23rd.) 


Toorn DrsigN: HELICAL AND SPrraL GEARS. 


A LL helical and spiral gears are derived from the 
ti. basic rack in the same way as spur gears. The 
factors which control the tooth spiral and tooth pro- 
file have already been dealt with in Parts V, IX, and X, 
but may be summarised as follows :— 


(1) The angle between the tooth centre lines of 
the normal basic rack and the axes of the gears 
determines the spiral angles. 

(2) The algebraic sum of the spiral angles o, 
and oy is equal to the shaft angle =. 

(3) For helical gears, X=0, and the spiral angles 
are equal and opposite. 

(4) Helical and spiral gears have tooth surfaces 
which are involute helicoids and the form of these 
surfaces is determined by the proportions of the 
basic rack and by the correction coefficient. 

(5) Helical and spiral gears can be “ corrected ”’ 
in the same way as spur gears ; that is to say, they 
may be given equal and opposite corrections and 
work at standard centre distance, or a correction 
sum not equal to zero and work at a centre distance 
other than standard. 


Proportions of Helical Teeth—The proportions of 
the basic rack may be given or chosen on either the 
transverse or the normal section. Various systems of 
tooth proportions are in use, and have been developed 
in connection with specific generating processes. 
Thus gears produced by double-helical gear planing 
machines (see Fig. 73, Part XI) and by the gear shaper 
process with helical cutter motion are frequently 
designed on the transverse section; single-helical 
and spiral gears planed by a straight rack cutter on 
the normal section (Fig. 70, Part XI); and hobbed 
gears on either the transverse or normal section, 
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Fic. 101—ACTUAL AND EQUIVALENT PITCH 
DIAMETERS 


according to the type of gear. There is no real neces- 
sity for these alternatives, since cutters can always 
be designed to represent any desired normal section 
of basic rack. B.S.I. Specification No. 436—1932 
represents a valuable step towards uniformity of 
practice, and specifies the same normal sections as 
are used for spur gears of corresponding classes. 
Details of B.S.I. basic racks have been given in 
Part XIV. 

The principal advantages of designing on the normal 
section are simplicity and flexibility. Helical gears 
frequently have to be designed within limitations to 
the numbers of teeth and centre distance, and by 
adjusting the spiral angles a standard normal pitch, 
and therefore existing cutters, can often be used. 
In such cases, normal section becomes a constant, 
whilst transverse section is a variable, quantity. 

If for any reason the transverse section is specified, 
it may be converted to normal section as follows. 
Using standard notation, the normal pitch will be 

Pn=p cos c=(rz cos o)/P, 
or 
Pra=P sec a, 
or 
Mn=M COS c= (p cos o)/m=(cos a)/P 
The normal] pressure angle may be found from 
tan Y,=tan ; cos c. 

If the addendum and dedendum on the transverse 
section are A; and B; respectively, the addendum and 
dedendum proportions for unit normal (diametral) 
pitch or module are 

An=A,/: Mn=At ©, 

Bn=B;/mn=B; P, 
and these values must be substituted for the standard 
values 1-0 and 1-25 (Classes B and C) in all formule 
for detail dimensions. 

If the teeth are given an actual correction ka, 





the correction coefficient based on the normal (dia- 
metral) pitch or module will be 
k=kg/mn=ke Pa=t ka/Pn. 

Detail Dimensions.—-The pitch diameter of a helical 
or spiral gear is best visualised as being that of 
an ‘“ equivalent spur gear”’ having the same number 
of teeth and (normal) pitch increased in proportion 
to the secant of the spiral angle. Thus denoting the 
pitch diameters of the equivalent spur gears by 
D, and d, respectively, 

De=T p/x=T/P=Tm 
d.=t p/x=t/P=tm, 


so that 
D=(T p sec oy)/m = (T sec cy)/P=T m sec oy 
=D, sec ow 
d=(t p sec op)/m=(t sec cp)/P=t m seca 
=d, SeC Gp. 


For helical gears, where op = Gy, the suffixes may 
be omitted, and 


c= (T+) seco= (T+t) sees 


1 
2P 
=> (T+) seco 
1 
sae (De+de) sec 6 
whilst for spiral gears 


= 4 


rd (T sec oy +t sec ap) 


] 


b 


= oP (T sec oy +t sec op) 


m 
- (T sec oy +¢ sec Gp) 
1 


ae (De sec 6 +d¢ sec ap). 


The relationship between the actual and equivalent 
pitch diameters is illustrated in Fig. 101. 

Overall and root diameters are found by adding 
twice the addendum to, or subtracting twice the 
dedendum, from the pitch diameter, the addendum 
and dedendum being determined by the correction 
coefficient according to methods given later. 

Determination of Pitch Diameters of Spiral Gears.— 
The problem in designing spiral gears is to find values 
for the centre distance, pitch, numbers of teeth, and 
spiral angles which will satisfy the equations. 

C=D, sec ow+de sec op 
and 
Sp + Cy= 2d 

Several graphical constructions have been developed 
to facilitate this, but since exact calculation is always 
finally necessary, they serve little useful purpose 
once a little familiarity with the behaviour of the 
several variables has been acquired. The simplest 
of these constructions is, however, given below, since 
it illustrates the way in which diameters and centre 
distance vary with the spiral angles. 

It should first be mentioned, perhaps, that whilst 
the centre distance is sometimes fixed by the general 
design, or by the necessity of fitting gears having 
a new ratio into an existing mounting, the space 
available often imposes equally rigid restrictions 
upon the pitch diameters. If the centre distance and 
pitch diameters are both fixed by some such con- 
siderations, there is only one value for each of the 
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FIG. 102—GRAPHICAL CONSTRUCTION FOR SPIRAL 
GEAR DIMENSIONS 


spiral angles and equivalent diameters, and hence 
only one value of the pitch for any specified or 
assumed numbers of teeth. If, however, the centre 
distance or pitch diameters can be varied slightly, it 
may be possible, by a small adjustment of spiral 
angle, to use a standard pitch. 

The graphical construction referred to above is 
illustrated in Fig. 102. If two lines OA and OB 
meeting at O make an angle & with each other, there 





will be a line Oe between them such that per- 
pendiculars on to OA and OB are in the same 
ratio as the numbers of teeth, and a point e, in 
particular, from which the perpendiculars ea, and 
e b, are equal to d, and D, respectively. The position 
of the line Oe will be such that sin «/sin B=d,/D,, 
whence 

tan «=sin &/(R-+cos %), 
or, if 2=90 deg., tan a=1/R. 
The distance of the point e from O will be equal to 
dy cosec a. 

Now the length of any line a, eb, passing through e 

and intersecting O A and O B will clearly be equal to 

d, sec L a, € ag+-De sec Lb, € by, 
and the sum of these angles being always equal to &, 
the angles a, ea, and 6, e b, respectively correspond 
to the spiral angles o, and ow, and the length a, b, 
is equal to twice the centre distance associated 
with this combination of equivalent diameters and 
spiral angles. 

Hence, if the lines O A, OB and Oe are first 
drawn in accordance with the given shaft angle 
and ratio, a series of lines such as a, 6, can be quickly 
drawn by trial to find either the pitch diameters, 
equivalent diameters and spiral angles for any chosen 
length a,b, (=2C); or, alternatively, the possible 
combinations of centre distance and spiral angle for 
assumed equivalent diameters (¢.e., for a selected 
point e) or actual diameters can be found. 

If it is preferred to proceed by calculation, the 
assumed ratio of the pitch diameters, denoted by 
Q=D/d, can with advantage be made the starting 
point. For a given value of Q, there is only one set 
of values for the spiral angles and equivalent diameters 
for a given centre distance and ratio, and these may 
be found as follows :— 


Since 
D. = D SeC Cy 
and 
d,=d sec Gp 
D _ D cos op 
d d COs Gy 
and 
R cos 6 
Q ~ €os (L—Gp) 
whence, by expanding and suitably manipulating, 
R/Q—cos = 
ae 
If 2= 90 deg. 
tan op=R/Q. 


Having found oy, and thence oy, in this way, the 
corresponding equivalent diameters are, of course, 
d cos op and Dcoso, respectively. These must be 
equated to suitable combinations of numbers of teeth 
and pitch. ‘ 

If there is latitude in the choice of centre distance, 
pitch diameters, or both, the corresponding maximum 
and minimum values of the equivalent diameters 
can be found in the same way, by substituting limiting 
values, and within this range it is easy to find by 
trial and error whether any suitable numbers of teeth 
will result in a standard pitch. 

Undercutting and Correction of Helical T'eeth.— 
Helical teeth will be ‘undercut if the effective 
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FIG. 103—CONDITION TO AVOID UNDERCUTTING 
OF HELICAL TEETH 


addendum of the generating rack on the transverse 
section is excessive in relation to the pitch diameter 
and transverse pressure le. Restating the prin- 
ciples already dealt with in Part XIV with reference 
to Fig. 103, the condition for undercutting to be 
avoided is that the extremity a, of the straight portion 
of the profile of the generating rack tooth B, rolling 
about a pitch point P, must pass outside the inter- 
ference point I. This di is identical with 
Fig. 90 (Part XIV), with the exception that the 
transverse pressure angle 4; must be calculated 
and that the pitch diameter, for unit normal pitch, 
must be increased to ¢ sec o. 

The maximum effective addendum of the rack will 
now therefore be equal to Pa,=4tsecosin? . If 
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undercutting is to be avoided whilst using standard 
proportions, P a, will be equal to 1-0. Now in the 
case of a spur gear derived from the same basic rack, 
the minimum number of teeth just to avoid under- 
cutting is to, where t)=2/sin®? Yn; consequently, the 
minimum number of teeth in the helical gear for the 
same condition can be expressed in terms of t, by 
equating the effective addenda. Thus : 
$ t sec o sin? {y= to sin? by 

or 

ty sin? Wn 
“see o sin® dy 
It has already been shown (Part X) that 


tan Y,z=tan ; cosa 
and by suitable manipulation, expressing sin 
in terms of , and a, it is easy to obtain the result 
that, in order just to avoid undercutting, 


t=t, cos* o [1 —sin? )p (1-+sec? o)] 

For all ordinary purposes, the term in the square 
brackets may be taken as equal to unity, when the 
above expression becomes 

t=t, cos? a. 

This means that from the point of view of under- 
cutting a helical gear having ¢ teeth may be compared 
with a spur gear having ¢ sec*« teeth. This is described 
as the ‘‘ number of teeth in the virtual spur gear,” 
and is written t,; it should not be confused with the 
equivalent spur gear, which has only ¢ teeth. The 
amount of correction necessary to avoid undercutting 
if ty is less than t is given by k=1—ty/to. 

The significance of the virtual number of teeth may 
perhaps best be appreciated from Fig. 104, which 





FIG. 104—NORMAL SECTION OF HELICAL TEETH 


shows a section of the teeth of a helical gear inclined 
at the spiral angle. On such a section the tooth pro- 
files resemble to some extent those of a spur gear of 
considerably larger pitch diameter, and this is the 
virtual spur gear. It should, however, be noted that 
since no two of the profiles on the normal plane section 
are alike, and none is an involute to a circle, the resem- 
blance to the virtual spur gear is only approximate. 

Choice of Correction Coefficients for Helical Geare.— 
For the purpose of selecting correction coefficients, a 
pair of helical gears are regarded as being replaced 
by the virtual spur gears, and the rules already given 
for spur gears (Part XIV) can then be applied without 
alteration. The virtual numbers of teeth are, how- 
ever, in the same ratio as the actual numbers of teeth, 
and since the correction coefficients (for a spur gear 
tooth-sum exceeding 60) are based only upon this 
ratio, the calculation of virtual numbers of teeth 
becomes unnecessary. The actual tooth-sum which 
will correspond to a tooth-sum.of the virtual spur 
gears of 60 is equal to 60 cos* o, and below this limit 
the virtual numbers of teeth must be calculated and 
the corresponding spur-gear correction coefficients 
applied. Such cases are unusual, since for the common 
spiral angle of 30 deg., the actual tooth-sum is only 39. 
Where they arise, the problems associated with change 
in centre distance, pressure angle of engagement and 
tooth depth resulting from a positive correction sum 
may be dealt with by considering the transverse 
section in the manner described in Part XIV, treating 
the gears as spur gears having ¢ sec o and T sec o 
teeth respectively. 

Path of Contact of Spiral Gears.—It is convenient 
at this stage to include a note on the contact of spiral 
gears, since this has a bearing on the maximum useful 
face width, tooth correction, and chordal thickness. 

Fig. 105 is a key diagram showing the profile of a 
normal basic rack, pitch plane X P X, in relation 
to spiral gears on axes OO and QQ. Each spiral 
gear is represented by a disc (suitably projected), 
these discs containing the common perpendicular 
OPQ. Fig. 106 shows a detailed view, in the neigh- 
bourhood of the pitch point, of the rack tooth in a 
central position, P being the intersection of the line 
of centres with the common pitch plane. 

Now considering the gear on axis OO in Fig. 106 
as rolling with a helical rack of spiral angle co, the 


in the transverse section. The zone of contact will 
be a plane represented by P, ¢;, intersecting the normal 
plane containing X X along P c,. From the relation 
tan Y,=tan % cos o (Part X), it is clear that P c, is 
inclined at the normal pressure angle n. 

The line of contact c, c, will make an angle « with 
the centre line of the basic rack tooth, viewed normal 
to the tooth surface, given by 

tan «=tan o sin vn 

(This is easily seen, since tan «=p c,/p, Pz, pC 
=P p sin tn, and p,p,—P p cot cs.) But the mating 
gear will always have a different value of « (except 
when the shafts are parallel) ; hence spiral gears can 
only make contact at the point where their respective 
lines of contact with the (imaginary) rack tooth inter- 
sect. Since both these lines of contact intersect the 
normal plane along the line P ¢,, this is the path of 
contact between the gears. Otherwise expressed, 
the plane zones of contact between each spiral gear 
and the rack intersect along this line. 

Choice of Correction Coefficients for Spiral Gears.— 
One of a pair of spiral gears may easily have so 
large a spiral angle that the virtual number of teeth 
approximates to a rack. The ratio of the virtual 
numbers of teeth thus becomes very large, and to 
select the correction coefficients according to this 
ratio, as is done for helical gears,.may make the 
path of approach contact longer in proportion to that 
of recession than is desirable. The following method 
of correction is therefore recommended. (It will be 
observed that the formule are the same as for the 
minimum correction of spur gears.) 

(1) If T,+t, exceeds 60, apply no correction 
unless t, or T, is less than 30, when 

kp=0-02 (30—ty) 
or 
ky=0-02 (30—Ty), 

as the case may be, the correction sum being made 

zero. 

(2) If T, +t is less than 60, apply correction 
coefficients as for spur gears having these numbers 
of teeth. The extension of centre distance may be 
taken as for the virtual spur gears for the same 
correction. 

Maximum Useful Face Width of Spiral Gears.—If 
the spiral gears meshing with the rack of Fig. 106 





Tooth Advance.—lt is often desirable so to propor- 
tion helical gears that the angular displacement of 
the tooth spiral from one end to the other is equal to 
or a multiple of the circular pitch. This displacement 
may be termed the “ tooth advance ” and the rela- 
tions between it and the gear dimensions are as 
follows :— 

Measured over a face width f, the displace- 
ment of the tooth spiral round the pitch circle will be 
equal to f tan. If this is to be equal to one circular 
pitch, 

f tan c=p=2/P=xm. 
In terms of the normal pitch, 


f tan o=pn sec o, 
or 
f=Ppn/sin c= /P_asm o=7 m,/sine. 

It is convenient to transpose these expressions in 
order to find the pitch when the face width and spiral 
angle are given; thus 

Pn=f sino 
P,=n/f sine 
Mn=(f sin o)/z 

Chordal Thickness of Helical Teeth.—Measured along 
a helix normal to the tooth spiral, the normal thickness 
of a tooth of unit (diametral) pitch or module, neglect - 
ing tolerance for backlash, will be the same as- the 
= 
2 
The chord joining the points where the opposing tooth 
surfaces meet the normal helix can be taken for prac- 
tical purposes as the same as for the virtual spur gear 
similarly corrected. It may be observed, however, 
that the chord is not normal to a section of the tooth 
surfaces in the plane in which the length of the chord 
is measured, the shortest distance between the sur- 
faces in this plane being slightly less. The calcula- 
tion of the true shortest distance is too unwieldy 
for ordinary use, however, and the errors involved 
in the approximate method are usually well within 
the permissible tolerances on tooth thickness. 

It is of interest to note, on the other hand, that a 
helical tooth has a “ constant chord ”’ identical in 


space width of the normal rack, namely, 5+ 2k tan Jn. 


length and position with that of any spur gear 
similarly conjugate to the same basic rack. Thus, 


to 





106, the chord c¢, ¢,’ occupies 


Fig. 


referring 











FIG. 105 


“Tue Encingen”’ 


were so large that the shortening of the paths of 
contact by the curvature of the addendum circles 
could be neglected, the lengths of the paths of face 
and flank contact would be P e, and P f, respectively. 
The corresponding length of the rack on either side 
of the pitch point, measured to the feet of the last 
full teeth in action, would be ge, and gf,. These 
lengths projected on to the axial plane (P, e, 
and P, f,) give one-half the maximum useful face 
width. 

Inserting values based on standard proportions 
and a correction coefficient k, the maximum useful 
face width becomes for unit (diametral) pitch or 
module the larger of the values 


Smaz= 2 [ (1+k) cot Yn+ 2 tan bn] sine 
or 


Smax=2 [ aa cot Yatst2 tan bn sino 


If the correction coefficient is negative, the sign of 
k must be changed in the above expressions. 

It will usually be found, on comparing the values 
given by the above expressions with average practice, 
that spiral gears are generally made very much wider 





pitch line would be represented by the pitch point P, 


in face width than is necessary. 
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FIG. 106 


Fic. 105—RELATION BETWEEN SPIRAL GEARS AND NORMAL RACK 
Fic. 106—TOOTH CONTACT OF SPIRAL GEARS 


the same position as it would do for a spur gear 
having the same normal pressure angle pitch 
point and correction coefficient; furthermore, since 
the plane surfaces of the rack teeth are perpen- 
dicular to the normal plane, tangents to the helical 
tooth surfaces in a plane parallel to X X are also 
perpendicular to the normal plane and the chord 
¢, ¢,’ is the shortest distance between symmetrical 
points on the tooth surfaces in the plane c, ¢,’. 

The formule given for spur gears (Part XV) can 
therefore be used without alteration. 

(To be continued.) 








At the annual Conference of the National Smoke 
Abatement Society, Mr. H. C. Armstrong read a paper 
on modern methods of dealing with smoke prevention 
problems in the iron and steel industry. He said that the 
prevention of smoke in the iron and steel industry probably 
offered greater problems than in any other industry on 
account of the diversity and peculiarity of the conditions 
of heating involved in the various processes. He went on 
to describe some of the processes and explained the 
difficulties in observing the rules of combustion and at 
the same time complying with the required conditions. 
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The Development of the Locomotive." 


By Sir H. NIGEL GRESLEY, C.B.E., D.Sc. 


fe is nearly thirty years since any President of 
the Institution adopted the railway locomotive 
as the main subject of his Address. In 1907 the late 
Mr. Hurry Riches, locomotive superintendent of the 
Taff Vale Railway, gave a detailed description of the 
most recent types of locomotives then in service of 
the many British railway companies, illustrated by 
diagrams and photographs. Further back, nearly 
forty years ago, in 1898, the late Mr. Samuel Johnson, 
locomotive superintendent of the old Midland Rail- 
way, gave a more comprehensive address on the 
details of the mechanical equipment of British rail- 
ways, including locomotives, carriages, wagons, 
brakes, signalling, and permanent way. He also gave 
an epitome of the passenger, goods, and mineral 
traffic and of the financial position—historically, a 
most valuable summary of the conditions then exist- 
ing on our railways. This address was further 
amplified by many tables, curves, and diagrams 
showing the progress during the preceding thirty or 
forty years. 

Mr. Johnson’s address was contemporaneous with 
my first introduction to the railway mechanical 
engineering profession as a pupil, and Mr. Hurry 
Riches reviewed the position when I first assumed a 
position of responsibility. Since then three chief 
mechanical engineers have held the honoured position 
of President of the Institution. My old chief, Sir John 
Aspinall, who was deeply interested in the question of 
the electrification of railways, adopted the electri- 
fication of the Liverpool and Southport Railway as 
the subject of his Address. Subsequently, neither 
the late Sir Vincent Raven nor Sir Henry Fowler 
dealt with locomotives as the main theme of their 
Addresses. In view of the marked progress which 
has been made during the last forty years, I make no 
apology for reverting to the steam locomotive as the 
main subject of my Address. 

Forty years ago in Mr. Johnson’s time there were 
no British locomotives which weighed with their 
tenders 100 tons, no engines with a higher steam 
pressure than 175 lb. per square inch, no grates with 
an area of more than 27 square feet, and no express 
engines with a higher tractive effort than 19,400 lb. 
In fact, most of them were much smaller in each of 
these respects. To-day we have engines weighing 
165 tons, steam pressures of 250 Ib. per square inch, 
grate areas up to 50 square feet, and tractive forces 
of over 40,000 lb. The power of British locomotives 
has increased by 100 per cent. since Mr. Johnson’s 
year of presidency. In those days the weight of the 
heaviest Scotch expresses from Euston and King’s 
Cross averaged 260 tons, with a maximum of 300 tons. 
To-day it is an ordinary occurrence for trains to 
exceed 500 tons in weight and sometimes they attain 
600 tons. The speeds have also been steadily increas- 
ing during the last few years. Table I gives the com- 
parative main dimensions of locomotives described by 
Mr. Johnson and those in service to-day. 

In 1898 Mr. Johnson deplored the limitations of 
the 4ft. 84in. gauge and enlarged on the difficulty 
which was even at that time encountered in crowding 
the machinery into the confined space between the 
frames. He yearned for a 5ft. 3in. gauge, but had to 
put up with the inevitable restrictions of the gauge 
adopted by our first President, George Stephenson. 
Incidentally, it is a wonderful tribute to the genius 
of that great pioneer that the modern locomotive 
boiler is the same in general principle as that of the 
* Rocket.” Many departures from that principle 
have been attempted, but none has survived. The 
limitations of the track gauge of 4ft. 84in. have not, 
however, imposed on British engineers difficulties 
comparable with those set by the loading gauge ; 
that is, width and height. Locomotives on American 
and Continental railways have the same track gauge, 
but can be built so much higher and wider that 
engines of more than double the weight and power of 
the most modern British engines are common abroad. 

In 1932 a new stage in the development of railway 
operation was initiated by the introduction of extra 
high-speed railcar services. Railways on the Con- 
tinent, particularly in Germany, and in the United 
States of America, were being badly hit by com- 
petition from road and air services. The facilities 
for rapid transit afforded by air services were proving 
very attractive. The Diesel engine had reached a 
high state of development, and railway engineers 
in conjunction with the Diesel engine manufacturers 
produced Diesel-electric railcars capable of maintain- 
ing much higher average speeds than those of the 
steam train. 

The fast railcar afforded many obvious advantages 
over the road competitor. It could run at higher 
average speeds over the well-laid railway tracks, 
effectively controlled by an efficient system of 
signalling, and consequently with much greater 
safety. It also afforded many advantages over air 
transport, because of its safety and reliability and 
independence of weather conditions. Incidentally 
the costs of transportation were cheaper. Further- 





* The Institution of Mechanical Engineers. Address by the 
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more, what it lost in speed as compared with air 
services it gained in being able to pick up and set 
down its passengers at railway stations situated in 
the heart of the great cities instead of at an aerodrome 
located some miles away. It many cases journeys by 
roads to and from the aerodromes had to be made 
through congested areas and consequently much of 
the advantage of the high average flying speed was lost. 

Whether Germany or the United States was first 
in the field of this new development of the super-speed 
Diesel-electric train is immaterial. Engineers in both 
countries were working simultaneously on the idea 
and their products appeared in 1932. 

After prolonged trials the ‘‘ Flying Hamburger ” 
was put into regular service in May, 1933 ; its average 
speed is 77-4 m.p.h. It consists of two coaches only, 
articulated, and carried on three bogies. The motive 
power is two Maybach 410 H.P. Diesel engines 
mounted on the outer bogies and directly coupled to 
electric generators. Traction motors of the ordinary 
type are mounted on the axles of the carrying wheels. 
Since then many new similar services with two and 
three-coach units have been inaugurated in Germany. 

In the summer of 1933 similar extra high-speed 
railcar services were started in France. The cars 
are fitted with four 200 H.P. Bugatti petrol engines, 
making a total of 800 H.P. per car. Speeds com- 
parable with those on the German railways are run 
and it is claimed that the fastest speed of any rail 
vehicle has been attained by Bugatti railcars. 

In the United States of America the Union Pacific 
Railroad put into service the first super-speed internal 
combustion engine unit in 1933. This was a three- 
coach train fitted with a 600 H.P. Winton engine. 
By the use of aluminium alloy for constructional 
purposes the weight of the complete train was brought 
down to 120 tons, advantage having been taken of 
the experience obtained in the construction of aero- 
plane bodies. The carriages, however, are 8in. less 
in width and 3ft. less in height than the standard 
coaching stock on American railways. The height 
of the centre of gravity of the stock is lowered by 
about 25in. and the wind resistance is, of course, also 
considerably reduced. Consequent upon the success 
of this innovation further trains of increased power 
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and seating capacity were built for the Union Pacitic. 

Other railways followed, probably one of the most 
successful trains being the ‘* Zephyr ”’ of the Chicago, 
Burlington and Quincy Railroad. The coaches form- 
ing this train are also very light, stainless steel 
framing being used throughout. 

The success and popularity which has followed the 
introduction of the various extra high-speed trains, 
both on the Continent and in America, is such that 
their running has now become firmly established and 
is bound to be extended. Both France and Germany 
are particularly active in this direction. 

The adoption of these higher speeds has necessitated 
a higher standard of maintenance of the rolling stock 
and particularly the track; further, signalling has 
not only been brought right up to date, but the posi- 
tion of signals has been readjusted to suit the higher 
speeds. The demand for trains of greater carrying 
capacity has led to the development of steam loco- 
motives capable of maintaining similar speeds and of 
hauling much heavier trains ; such locomotives have 
been built in Germany and America. 

In Germany new streamlined high-speed locomo- 
tives were built, and in May, 1936, a steam-operated 
service was started between Berlin and Hamburg, 
making an average speed of over 74 m.p.h., which is 
probably the fastest steam-operated train in the world. 

In America notable examples of streamlined high- 
speed steam locomotives are provided by the 4-4-2 
type built by the American Locomotive Company for 
the Chicago, Milwaukee Railway, known with its 
streamlined train as the ‘‘ Hiawatha,’ and the more 
recent engine of the 4—6—4 type built for the New, York 
Central, known, with its luxurious 440-ton train, as 
the ‘“‘ Mercury.” 

This challenge by the steam locomotive has been 
taken up by Diesel engine makers of America, and 
the Winton Company has produced a double loco- 
motive for the Atchison, Topeka and Santa Fé Rail- 





Type. 


Soot 


i 


Soo] 





way having two 900 H.P. engines in each unit, making 
a total of 3600 H.P. This engine weighs 240 tons, but 
the first cost must be very greatly in excess of that 
for a steam locomotive of similar power. 

The fast services provided by these various trains 
have re-established the railways in public estimation 
and have not only recovered large numbers of 
passengers from alternative forms of travel, but have 
also created new and additional traffic. 

In England conditions are not quite the same. 
Competition with railways by air services is never 
likely to be as intensive as abroad. The distances 
between the great industrial centres are shorter, the 
aerodromes are generally some long distance from the 
cities, and owing to fogs and the general visibility 
conditions of our climate the reliability of maintaining 
daily air services can never compare with those of the 
other great countries. 

The first example of the streamlined extra high- 
speed train on British railways is the “‘ Silver Jubilee ”’ 
train of the London and North-Eastern Railway 
running between London and Newcastle, a distance 
of 268 miles, in four hours, with one intermediate 
stop at Darlington, the average speed between 
Darlington and London, a distance of 232 miles, 
being 71 m.p.h. 

At first glance this does not appear to be such a 
difficult task as that of the 74 m.p.h. run of the 
steam-operated Hamburg-Berlin train of the German 
State Railways. But when consideration is given 
to the many long and steep gradients and certain 
compulsory speed reductions, the performance: is 
really more meritorious. On the Berlin-Hamburg 
line, after leaving the environs of the termini, the 
road is practically flat and free from speed restrictions 
and curves, and the whole line is exceptionally suitable 
for the maintenance of continuous high speeds. 

I think it may be of interest to members of the 
Institution to hear what led to the construction of 
the ‘‘ Silver Jubilee ” train which started on Septem- 
ber 30th, 1935, and also to hear the results of the first 
year’s working. I visited Germany in the latter part 
of 1934 and travelled on the “‘ Flying Hamburger ”’ 
from Berlin to Hamburg and back; I was so much 
impressed with the smooth running of this train at 
a speed of 100 m.p.h., which was maintained for long 
distances, that I thought it advisable to explore the 
possibilities of extra high-speed travel by having such 
a train for experimental purposes on the London and 
North-Eastern Railway. 

I accordingly approached the makers of that 
train and furnished them with full particulars as 
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to the gradients, curves, and speed restrictions on 
the line between King’s Cross and Newcastle. With 
the thoroughness characteristic of the German 
engineers they made a very exhaustive investigation 
and prepared a complete schedule showing the 
shortest possible running times under favourable 
conditions and then added 10 per cent. which they 
regarded as adequate to meet varying weather 
conditions and to have sufficient time in reserve to 
make up for such decelerations or delays as might 
normally be expected. 

The train, weighing 115 tons, was to consist 
of three articulated coaches and to be generally 
similar to the German train. The times for the 
complete journey were given as 4 h. 17 min. in the 
up direction, and 4 h. 15} min. in the down. The 
train provided seating for 140 passengers. The 
accommodation was much more cramped than that 
provided in this country for ordinary third-class 
passengers, and it did not appear likely to prove 
attractive for a journey occupying four hours. My 
chief general manager suggested that with an 
ordinary ‘“ Pacific” engine faster overall speeds 
could be maintained with a train of much greater 
weight, capacity, and comfort. A trial with a 
train of seven bogie coaches demonstrated that the 
run could be accomplished with reliability in less 
than four hours under normal conditions. 

I felt that to secure a sufficient margin of power 
it would be essential to streamline the engine and 
train as effectively as possible, and at the same time 
to make sundry alterations to the design of cylinders 
and boiler which would conduce to freer running 
and to securing an ample reserve of power for fast 
uphill running. The designs for the engine and 
carriages were prepared and the complete train built 
in the company’s works at Doncaster in the remark- 
ably short time of five months, and I am pleased to 
place on record this achievement of my staff. 











Oor. 30, 1936 


THE ENGINEER 





453 








The train was completed early in September of 
last year, and after a few runs on which exceptionally 
high speeds were reached, went into service on 
September 30th. It completed twelve months’ 
service on five days weekly on September 30th last, 
and had run 133,464 miles during that period and 
carried about 68,000 passengers. There has only 
once been an engine failure when the train had to 
be stopped and another engine substituted. 

The financial results are very encouraging. The 
seven coaches forming the train and the streamlined 
locomotive cost £34,500. The gross receipts from 
the running of this train amount to 13s. 1ld. per 
mile. Operating expenses, which include locomotive 
running, carriage expenses, wages of traffic staff, 
carriage cleaning, advertising, &c., amount to 2s. 6d. 
per mile. These figures exclude profits on the dining 
car service and interest on capital cost of the train 
and locomotive. The supplement is charged to all 
passengers, whether paying fares or holding contract 
tickets or free passes. The supplement is 5s. for 
each first-class and 3s. for each third-class passenger, 
and the annual receipt from this item alone has 
amounted to £12,000, or roughly 33 per cent. on the 
first cost of the train. 

It will be appreciated that the result of the experi- 
ment has been very encouraging. It may seem 
almost paradoxical that in order to secure the high 
average speed of the train extra high-speed running 
is not necessary. The fact remains that in ordinary 
running the train does not exceed a speed of 90 m.p.h. 
Other express trains with much lower average speeds 
often attain maximum speeds as great as those 
run by the “ Silver Jubilee.”” Where the time is 
gained is by running uphill at similar speeds to those 
normally run downhill. 

Dynamometer car records of the running of this 


train of 220 tons and the dynamometer car of 32 tons | .. 
behind the tender show that only about 400 draw-bar | « 


horse-power is required to maintain a speed of 
80 m.p.h. on the level, but when on a rising gradient 
of 1 in 200, 1000 to 1200 draw-bar horse-power is 
necessary. The locomotive, however, is having to 
exert an additional 300 H.P. to lift itself up the 
gradient of 1 in 200 and therefore in effect, correcting 
for gravity, is having to exert what is equivalent to 
1400 H.P. to pull the train up this gradient at 
80 m.p.h. To this must be added 350 H.P. to over- 
come the resistance of the locomotive, making a total 
of 1750 H.P. 

A very important factor in connection with the 
working of trains at high average speeds is the air 
resistance and the advantage of streamlining. The 
trains I have already referred to in Germany, France, 
and America, and the ‘Silver Jubilee” are all 
streamlined. A paper is to be given by one of our 
members during the course of this session on this most 
important subject, and I do not wish in any way to 
anticipate the points he will raise and the conclusions 
he will arrive at. I think I may, however, mention 
that experiments have been made at the National 
Physical Laboratory with scale models of the stream- 
lined ‘* Pacific ” engine of the “ Silver Jubilee ” type 
and an ordinary type “ Pacific ’ engine to determine 
the comparative head-on wind resistance and to 
calculate the horse-power required at various speeds 
to overcome the air resistance—seoe Table II. 

To maintain a schedule of 71 m.p.h. between 
London and Darlington with this train entails an 
average running speed uphill and down dale of 
80 to 90 m.p.h., after making allowance for starting, 


TaBLeE I1.—Horse-power Saved by Streamlining. 


coal is proportionate to the power, the saving due to 
streamlining is about 4 lb. per mile, or over 200 tons 
per annum. 

When running downhill during experimental runs 
at very high speeds up to 110 m.p.h., the effect of 
wind resistance was much more marked. The draw- 
bar horse-power required amounted to 1200. The 
head-on air resistance and frictional resistance of 
an ordinary ‘‘ Pacific” engine is equivalent to 800 
H.P., making a total of 2000 H.P. The effect of 
streamlining at that speed is to reduce the head-on 
resistance by 250 H.P., the net saving therefore being 
equal to 124 per cent. 

Only three weeks ago an experimental run with the 
“* Silver Jubilee ” train was made between Newcastle 
and Edinburgh and back. On this occasion the weight 
of the train behind the tender, including the dynamo- 
meter car, was 252 tons, and in working the train up 
the long gradient at Cockburnspath of 1 in 96 the 
minimum speed was 68 m.p.h. The actual drawbar 
horse-power was 1460, a further 660 H.P. was 
required to overcome the effect of gravity on the 
166-ton engine, in addition to which some 400 H.P. 
to 500 H.P. was required to overcome the air and 
frictional resistance of the engine at that speed. 





mineral wagons running on the principal Continental 
railways have also been fitted with continuous 
brakes. It must be admitted that in this matter the 
British railways have failed to make progress when 


compared with the railways of other countries. This 
failure is not due to lack of enterprise, but to the 
inherent difficulties and cost of fitting the whole of 
the wagons running in this country with continuous 
brakes. There are approximately 14 million wagons 
running on British railways, of which about 700,000 
are privately owned and are engaged in our great 
national coal industry. To fit the whole of the British 
wagons with continuous brakes would probably 
cost in the region of £30,000,000. 

It is difficult to make out a case to justify this 
enormous expenditure. The acceleration of goods 
trains would produce many beneficial results, the 
transportation and delivery of goods could be 
expedited, the cost of working goods trains would be 
lessened because the overall transportation capacity 
of the locomotives and wagons would be increased, 
consequently, less rolling stock would be required, 
and the congestion of lines would be reduced. The 
ideal to be aimed at is to run all trains at the same 
speeds. In this connection it is of interest to record 





TaBLeE III.—Locomotives Built for Mixed or Express Goods Traffic. 
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Diameter | Boiler 
of driving | pressure,| Tractive | Grate | and tender in 
Locomotive. Railway. Date Type. wheels, | lb. per effort, area, | working order, 
ft. in. sq. in. Ib. sq. ft. tons. 
** 4300” Class at CAE es. 1911 2-6-0 5 8 200 25,669 20-56 102-0 
** 4700’ Class ae tae nas 1919 2-8-0 5 8 225 30,460 30-28 122-0 
“* Grange ”’ Class ... | GAN 25. 1936 4-6-0 5 8 225 28,875 27-07 114-0 
“K.1” Class -| G.N. ... 1912 2-6-0 5 8 180 23,400 24-5 104-8 
“K.3” Class A ee 1920 2-6-0 5 8 180 30,030 | 28-0 124-5 
“V.2” Class .| L.N.E. 1936 2-6-2 6 2 220 33,730 | 41-25 144-1 
“* 13245 ” Class -| L.M.S. 1934 2-6-0 5 6 225 26,288 27-8 | 126-1 
5000 ”’ Class .| L.M.S. 1934 4-6-0 6 0 | 225 25,455 27-8 | 126-1 
8.15” Class Mg Ge 1936 4-6-0 67. : Bee 29,860 | 28-0 135-65 








| 
| 
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Therefore the actual power output of the locomotive 
was between 2500 H.P. and 2600 H.P., a figure which 
I venture to say has never previously been attained 
by @ locomotive in Great Britain. 

Streamlining has been applied to the carriages 
forming the train. The adjacent ends of the articu- 
lated units have been covered in with rubber sheets. 
The gear below the underframes, such as brakes, 
electric lighting, and electric air conditioning and 
heating mechanism has also been protected by fairing. 
Further, projections have been eliminated from the 
sides of the carriages by making the windows flush 
with the steel panelling. Results obtained with the 
dynamometer car indicate that the train resistance is 
substantially reduced, but this cannot be determined 
accurately until further trials have been completed. 

I think it can be accepted from the experience 
both on foreign and English railways that the business 
public in particular appreciate, and show their appre- 
ciation by patronising, these extra high-speed trains. 
Demands are already being made for their adoption 
between other great commercial centres. Until 
such times as engines of greater power are introduced 
the weight of the trains must of necessity be limited. 
If the demand for longer and heavier trains becomes 
insistent, there is no insuperable difficulty in pro- 
viding engines of greater power capable of working 
longer trains at these There is, however, 
one great obstacle. Owing to the density of traffic 





in England, it is a most difficult matter for the 
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Senedd) maa gs Heisei osc 4- ‘| 60 70 | 80 90 100 110 120 130 140 150 
Horse-power re-} Standard “* Paci- 

quired to over- fic’ type ...| 97-21 | 154-26 | 230-51 | 328-49 | 450-92 | 599-39 | 778-65 | 988-95 |1235-87 |1520-80 

come head-on|——————-——_-|—— 

air resistance | Streamlined Z 

type ..-| 56°39 89-41 | 133-61 | 190-40 | 261-36 | 347-41 | 451-32 | 573-21 | 716-32 | 881-48 

Horee-power saved by streamlining} 40-82 64-85 | 96-90 | 138-09 | 189-56 | 252-98 | 327-33 | 415-74 | 519-55 | 639-32 





























stopping, and the various speed restrictions. It will 
be seen from Table II that streamlining results in a 
saving of over 100 H.P. continuously at these speeds 
on a still day. There is, however, generally a wind 
of greater or lesser intensity, and consequently, as 
the power required to overcome air resistance varies 
approximately as the cube of the speed, such reduc- 
tion as may result when running with a favourable 
wind is not to be compared with the extra power 
required on the opposite working against a contrary 
wind. Hence it follows that in the case of this train 
the probable average saving of power due to stream- 
lining is considerably in excess of 100 H.P. 

Dynamometer car experiments with this train show 
that although, as stated, only about 400 drawbar 
horse-power is required on the level, the average draw- 
bar horse-power required on the run from London to 
Newcastle is 620. To this must be added the horse- 
power required to overcome the internal resistance 
and the head-on air resistance of the locomotive 
which with an ordinary “‘ Pacific ’’ engine at 80 m.p.h. 
is about 450 H.P., but with a streamlined engine is 
reduced to 330 H.P. The saving in power output 
due to streamlining the locomotive is therefore in the 
region of 10 per cent. 





The coal consumption of the engines working this 
train averages 39 lb. per mile. If the consumption of 








operating departments of the railways to arrange 
train workings so that a clear path can be secured 
for such extra high-speed services. The whole object 
of the introduction of trains of these overall 
would be defeated if there were a liability of the 
trains being held up and delayed by other traffic. 
The more the general traffic is accelerated the easier 
becomes the task of finding a path for such trains. 

One of the main difficulties is in connection with 
the slow running of goods trains, particularly over 
sections of the railway where only two running 
lines are provided. The mineral trains scheduled 
at less than 20 m.p.h. are the worst offenders. i 
recent years the running of fast brake-fitted goods 
trains has been considerbly increased, with a view 
té meeting the competition of the road, but only a 
very small percentage of the railway companies’ 
wagons are fitted with continuous brakes. It would 
not be safe to run wagons connected with three-link 
couplings and no form of continuous brakes, at high 

, because of the great distance such trains 

would run before they could be brought to a stand 
by the application of brakes on the engine and 
guard’s van only. 

In America all railway goods vehicles were fitted 
with the Westinghouse brake many years ago, and 


that it was many years after Mr. Johnson gave his 
address that locomotives specially designed for work- 
ing express goods trains were mtroduced. Credit 
must be given to the late Mr. G. J. Churchward, of 
the Great Western Railway, who designed the first 
locomotives of the 2-6-0 type in 1911 for these 
services. Table III shows the progress which has 
been made in more recent years in the design of 
engines built primarily for working mixed traffic 
or express goods trains. 

It is now generally recognised that to secure a 
high standard of efficiency advantage must be taken 
of the results of research. For many years I have 
been actively advocating the necessity for the 
establishment in this country of a locomotive experi- 
mental station, and I cannot let this opportunity 
pass without pointing out the increasing urgency 
for the provision of such a plant. Nearly two years 
ago I sent one of our new engines to the experi- 
mental station of the French railways at Vitry, 
near Paris, and obtained most valuable information 
from the reserch then carried out, which enabled 
me to improve the design and efficiency of engines 
subsequently built to that and other types. Great 
interest has recently been taken in this subject by 
those most concerned, and although I can make no 
definite announcement, I am now very hopeful that 
a complete scheme to erect a plant in this country 
may be a development of the not very distant future, 
such a plant to be capable of carrying out full-power 
tests of long duration on locomotives of much greater 
power than any now in service or in immediate 
contemplation. The cost of building and equipping 
such a station is estimated at £150,000. By the 
provision of such a plant British railway locomotive 
engineers would in future have the advantage of 
being able to carry out extensive locomotive research 
at first hand such as their predecessors never had the 
means of doing. Admittedly, the steam locomotive 
as a whole is an inefficient machine in a thermo- 
dynamic sense. Although it has in its boiler a highly 
efficient steam raiser, the means for converting the 
power of the steam for traction purposes are deplor- 
ably inefficient. There is therefore a large field to be 
explored, and enormous possibilities for economy 
by the provision of such a plant. On the other hand, 
it must not be forgotten that the steam locomotive 
is far the most reliable form of motive power on 
railways. Engine failures have been reduced by at 
least one-half during the last ten years, and the 
average mileage per failure of steam locomotives on 

nger tains is over 100,000 and on goods trains 
about 75,000. Failures of internal combustion engines 
on railways are far more frequent, and they cannot " 
compare with steam engines in reliability. Failures 
on electric railways are certainly less frequent, but 
when they do occur every train running in the zone 
affected is brought to a standstill simultaneously. 

It goes without saying that when a locomotive 
testing plant is put up in this country it must embody 
every improvement which experience with the plants 
in America and at Vitry, near Paris, has shown to 
be advisable, and should, in consequence, be the 
most modern and the most perfect in the world. It 
will give British locomotive designers means which 
should enable them to put on to the road engines 
which will still further enhance the prestige in loco- 
motive design which Britain has enjoyed since the 
days of George Stephenson. 





during more recent years the whole of the goods and 
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(Continued from page 438, October 23rd.) 


METERING PLANT., 


(T is, of course, essential in the case of so big a 

works as those at Mogden that the metering 
equipment should be accurate and well devised to 
show the operators what they need to know. We 
are indebted to the Electroflo Meters Company, 
Ltd., for the following description of the plant 
supplied. Attention may be particularly directed 
to the means adopted for measuring the flow through 
the high-level sewers, and over the storm water 
weir and the manner in which the summation of the 
various readings is effected. 


Marin Fitow METERING EQUIPMENT. 


The total volume of sewage reaching the works 
is measured by Electroflo electrically operated Venturi 
and flume meters before its passage to the purifica- 


Millions of. 


“Tre Enoinecer”’ 





proportion of the total range of the metering system, 
the two summation recorders described have been 
calibrated with semi-logarithmic scales (Fig. 1). 
From maximum load down to approximately 15 per 
cent. load the scale becomes progressively more 
open. Below 15 per cent. the scale is roughly linear 
down to zero load. The accuracy of recording is 
therefore approximately constant from 15 to 100 per 
cent. of the full range of operation. The indicators 
in service with these recorders have prominently 
graduated and figured circular dials, with semi- 
logarithmic scales. These indicators are mechanically 
operated from the recorder mechanisms. 

To satisfy the same requirements in respect of 
the integration of the flow rates, a special integrating 
system was developed from the standard Electroflo 
high-speed continuous integrator. This is a patented 
totalising conductance meter, with a maximum 
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FiG. 1—TYPICAL FLOW CHART 


tion plant. Six 15in. Venturi meters measure the 
discharge of the electrically driven dry weather 
flow pumps, and six 30in. Venturi meters the dis- 
charge of the oil engine driven storm water flow 
pumps. The maximum capacity of each of the former 
meters is 6000 gallons per minute, and of the latter 
25,000 gallons per minute. The flow through the 
discharge pipe of each pump passes through an 
Electrofio electrically operated Venturi meter, which 
establishes a current in an electrical reading instru- 
ment circuit which is at all times proportional to the 
flow of fluid under measurement. At maximum 
flow this current is 1 ampere at 40 volts. The reading 
instruments comprise a 12in. diameter rate of flow 
indicator, a similar recorder, and a_ high-speed, 
continuous integrator. The readings of the individual 
pump meters are automatically summated, and the 
sum of their flows indicated, recorded, and integrated 
on two additional sets of instruments, one showing 
the total discharge of the dry weather flow pumps, 
and the other of the storm water pumps. These 
summations are accomplished by the following 
means :—Operated by the pump discharge Venturi 
meter bodies and in parallel with the individual 
pump reading instruments are two specially designed 
power-driven recorders, employing 12in. wide con- 
tinuous strip charts running at a speed of 5in. per 
day. These instruments operate on the null prin- 
ciple. An interesting feature is that no mechanical 
or electrical relays are used in the operating 
mechanism of the recorder, but, instead, a special 
type of thermionic valve null detector, which operates 
without inertia or overshooting. 

A current, entirely separate from that passing 
through the meter body, is caused to vary with the 
position of the pen of the recorder and be proportional 
to the chart reading at any pen position. This is 
achieved by means of a commutator and brush, which 
are mechanically coupled to the pen. The com- 
mutator sections are connected to corresponding 
sections of a resistance, so graduated that the current 
in the recorder circuit is always proportional to the 
flow reading of the recorder. The function of the 
thermionic valve device, with supplementary equip- 
ment, is to detect the difference in value, if any, 
between this current and that from the six meter 
bodies. Should any difference exist, the thermionic 
valve detector, through the intermediary of an electric 
motor mechanically coupled with the recorder pen, 
causes an alteration in the pen position, with a 
corresponding alteration of the recorder current, 
until this difference no longer exists. Owing to the 
high speed of response and the entire absence of 
“ hunting,” the correct balance is rapidly reached. 

As the normal flow, 7.e., under dry weather con- 
ditions, will reach a figure which is only a small 





registration of 8000 scale divisions per hour. The 
duty of integrating the flow rates at each point of 
measurement is shared by two such integrators, 
with the result that the measuring range can be 1 to 
100 per cent. of the total anticipated capacity of 
the system, and the design is such that the accuracy 
of integration is approximately the same through- 
out this range of measurement. The value of this 
in relation to the low flow rates will be particularly 
appreciated. 

Mounted between the summation meters are two 
10ft. vertical scale indicators, one showing the total 
flow from the pumping station, and the other the 
depth in the suction sump. The total flow indicator 
is mechanically operated from the two summation 
meters described, by means of a system of cables 
and cams. Since the scale shape of the recorder is 
not linear, it is not possible to add the readings 
together mechanically until they are converted to 
corresponding linear deflection. This is performed 
by means of cables attached to the recorder 
mechanism passing over and attached to specially 





shaped cams, so that the angular rotation of the cam 
from the zero position is always proportional to the 
flow. Also mounted in the cam shaft is a drum having 
a diameter proportional to the maximum load of 
the associated recorder, i.e., the dry weather flow 
recorder has a maximum of 36,000 gallons per minute, 
and the storm water recorder 125,000 gallons per 
minute. Consequently, the drums have diameters 
in the ratio of 36: 125. Cables attached to these 
drums operate on a pulley type differential gear in 
such a manner that the movement of the output 
cable is proportional to the sum of the flows measured 
by the two recorders. The provision of the two 10ft. 
vertical scale indicators permits the total discharge 
by the pumps in service to be continuously compared 
with the depth of sewage in the suction sump. 

The reading instruments described are flush 
mounted on a panel located at the end of the pumping 
station—Fig. 2. It also carries illuminated priming 
level indicators and running lights, and lever-operated 
switches on the oil engine driven pump panels by 
means of which the running instructions are given 
on the engine order panels installed on the oil engines 
—Fig. 3. The panel also carries a static head indicator 
showing the difference between the levels in the 
suction sump and the flow culvert. This indicator 
is electrically operated. 


TotTaL FLow ConTROL PANEL, 


Main Control Panel.—-The main control, or total 
flow, panel—Fig. 4—is divided into five sections, 
each carrying a rate of flow indicator, a continuous- 
flow integrator, and a 12in. wide continuous strip 
chart recorder. The measurements given by the 
five sections are : 

Total flow from low-level sewers; total flow 
from high-level sewers : total flow reaching works ; 
storm water flow ; flow to purification plant. 

The measurement of the total flow above is accom- 
plished through six Electroflo electrically operated 
Venturi flume meters—Fig. 5—each having a 
maximum capacity of 100 million gallons per day. 
The flow measured by these flume meters consists 
of the pumped flow, 2.e., from the low-level sewers, 
combined with the gravity flow from the high-level 
sewers. Each of the six flume meters—described 
more particularly later—gives its reading on the 
control panel in the same manner as the pump dis- 
charge Venturi meters dealt with above, 7.e., by 
instruments actuated by an electric current which is 
always proportional to the rate of flow. The currents 
from the six flume meters operate six edgewise 
rate of flow indicators mounted on the central section 
of the panel, thus showing the individual flows through 
the six flumes. These readings are automatically 
summated by a power-operated recorder of a type 
similar to that already described, and having a full- 
seale reading of 600 million gallons per day. 

The readings of the total flow from the low- 
level sewers is derived from the dry weather 
flow and storm water recorders on the pumping 
station panel. The flow through the high-level sewers 
is not measured directly, but obtained as the 
difference between the total flow through the six 
flume meters and the low-level sewer flow discharged 
by the pumps. The subtraction of the two values is 
performed by a recorder similar to that employed 
for the mechanical addition of the dry weather 
and storm water flows, with cams to convert the 
non-linear scale of the two electrical recorders, a 
pulley differential for performing the subtraction, 
and a further cam and cable arrangement to move 
the pen of the mechanical recorder. This recorder 
also has a semi-logarithmic scale. 

The flow of sewage to the purification plant 


is measured by an_ Electroflo water column 





FiG. 2—PUMPING STATION CONTROL PANEL 
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type Venturi meter—Fig. 6. This has a maximum 
range of 200 million gallons per day, but the discharge 
through the meter is regulated to the requirements 
of the work by a penstock. This may be adjusted 
manually, or automatically controlled by the Venturi 
meter through adjustable contacts in the’flow meter 
circuit. The penstock is located downstream of the 
Venturi meter, and, when conditions demand, 
closes until the upstream head is sufficient to cause 
the excess sewage to flow over the storm water 
weir to the storm water tanks. The reading of 


storm water flow is obtained by mechanical sub- 
traction, as previously described, and indicated, 
recorded, and integrated. 

The five flow indicators are of the circular-scale 
type, mechanically operated by cables from the 
The integrators are of two types, viz., 


recorders. 











FiG. 3—MAIN PUMPING ENGINES 


the impulse integrator and master integrator. Where 
an electrically operated, power-driven recorder is 
employed, standard Electrofio high-speed continuous 
integrators are used, since there is a current pro- 
portional to the flow already available for their 
operation; but it will be evident that when the 
addition or subtraction of the flows has been per- 
formed mechanically, no such current is available. 
Consequently, the impulse type of integrator is 
used, operated by means of electrical impulses on 
an electro-magnetic counting train. These impulses 
are transmitted from an impulse summator having 
the necessary differential mechanism for the addition 
or subtraction of impulses received from the master 
electrical integrator. These impulses are produced 
by means of a slow-speed commutator, driven by 


+ 
that each impulse corresponds to a definite number of 
gallons having passed the particular point of measure- 
ment in the system. 


THe VENTURI FLUME. 


The lay-out and dimensions of the Venturi flumes 
were based upon considerable experience gained 
during the company’s previous practice and its 
researches at the hydraulic laboratory of the City 
and Guilds (Engineering) College, and the company’s 
hydraulic laboratory at Park Royal. The conditions 
on site have, of course, a deciding influence upon 
the design of the flume. There are six grit chambers 
in which the total flow passes into a common discharge 
channel, one side of which forms the storm water 
overflow weir. Under normal conditions this channel 











the integrator disc through reduction gearing, so 


discharges through a closed conduit into the purifica- 





tion works. In this conduit an Electroflo Venturi 
meter (described later) was installed to measure the 
flow to the purification plant. A Venturi flume is 
installed at the outlet of each of the six grit chambers. 
The downstream conditions therefore depend upon 
the height of the crest of the storm water overflow 
weir, and for smaller rates of flow on the amount of 
flow to the purification works. These circumstances 
made it necessary to operate the Venturi flume meter 
under “‘drowned” as well as free discharging 
conditions. 

The grit chambers discharge into a channel 8ft. 
wide, in which the contraction of the flume is installed. 
For the maximum discharge of each grit chamber of 
100 million gallons per day, the upstream depth is 
approximately 9{t. The convergent entrance and 
the throat are formed by cast iron liners embedded 











FiG. 4—MAIN CONTROL PANEL 
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in the concrete of the channel. The critical section 
of the throat in which the tapping points are situated 
is protected by a stainless steel liner. The row of 
tapping holes upstream and in the throat are con- 
nected to the flume chambers respectively, and a 
constant supply of fresh water to the float chamber 
prevents the settlement of sludge. The dimensions 
of the throat of the Venturi flume, 7.e., its length, 
the throat ratio, and the positions of the tappings, 
were carefully arranged to ensure the highest 
degree of accuracy for the tota] range of flow under 
both free discharging and drowned conditions. 
there was not sufficient knowledge available with 
respect to head loss and the discharge coefficient, 


As 








Fic. 5—VENTURI FLUME 


it was considered essential to conduct scale model 
tests in order to obtain the necessary information. 
Tne model had to be geometrically similar to the 
prototype. Furthermore, it was as important to 
investigate the influence of the grit chamber in the 
approach of the Venturi, and also the downstream 
conditions. The model therefore consisted of the 
Venturi flume, the grit chamber, and the storm water 
overflow weir, and was built to a scale of 1: 10. 
The overflow weir was made adjustable in order to 
establish the influence of different drowning ratios. 
During the investigations, the discharge coefficient 
was determined for free discharging and drowned 
flows. The highest accuracy will be obtained in the 
range of free discharging flow, and therefore the 
limit for this type of flow was ascertained, 7.e., the 
maximum position of the downstream level for which 
the upstream depth does not alter at a given rate 
of flow. It may be mentioned here that in the range 











FiG. 6—-VENTURI FLUME METER MECHANISM 


of free discharge, most of the test results on the model 
show a deviation of less than plus/minus 0-25 per 
cent. from the average value. 

The fact that the Venturi flumes are required to 
work under free discharging as well as drowned 
conditions necessitated the use of a special measuring 
device. It has been known for approximately 
twenty years that a common relationship exists 
for both these types of flow, i.e., that the rate of flow 
is proportional to the depth in the throat, combined 
with the square root of the differences in depth 
measured upstream and in the throat of the flume. 
Instruments for this purpose have, however, been 
developed only recently. Some years ago a Venturi 
flume meter was designed by Electroflo Meters 
Company, Ltd., which was purely electrical. The 
instrument had two variable electrical transmitting 
elements, which varied with the differential head 
and depth of the throat respectively, resulting in a 








current in the measuring circuit which was pro- 
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portional to the rate of flow. This type of meter is 
particularly adaptable to the measurement of small 
values of differential head /depth. Z 

The meters for the Mogden purification works had, 
however, to comply with special conditions, and 
these made it desirable to develop an instrument 
comprising one variable electrical element only, 
The purpose was to develop a simple electrical circuit 
with a degree of accuracy, in view of the fact that 
the readings of the six Venturi flume meters had 
to be accurately summated continuously. Each 
Venturi flume meter—Fig. 6—consequently consisted 
of a mechanical multiplication gear operated by two 
floats, the multiplication device being actuated by a 
differential gear, and the float measuring the throat 











Fic. 7—MOTOR - ALTERNATOR SETS 


depth. The output pulley of the multiplication 
gear, in turn, displaces a specially designed resistance 
element which produces a current in the measuring 
circuit which is proportional to the rate of flow, 
whether drowned or free discharging conditions 
obtain. This resistance element is generally similar 
to that employed with the standard Electroflo pipe 
line flow meter. 


PURIFICATION PLANT METER. 


The meter measuring the flow to the purification 
plant is installed in a closed conduit of rectangular 
cross section, connecting the grit chambers to the 
purification works. It was essential to obtain a 








F1IG. 8-TEMPERATURE CONTROL PANEL 


device in which no sedimentation would occur, 
and therefore one side of the rectangular conduit 
only was contracted, while the other three sides formed 
a continuation of the conduit. 

The Venturi tube was built up of cast iron sections, 
the entrance being approximately 5ft. by 6ft., and 
the total length approximately 24ft. Two pressure 
measuring chambers were provided, one situated 
in the upstream section and one in the throat, the 
chambers being connected by a row of tapping points 
inside the Venturi ensuring a mean value of the 
pressure to be measured. A flushing system and 
cleansing plungers were provided so that the measur- 
ing chambers and the tapping points could be kept 








| beam. 
| flow to the purification works does not exceed any 


| predetermined rate. 











clean. The measuring chambers were connected to 
float wells, which were also protected against sludge 
settlement by a supply of clean flushing water. 

Again it was evident that the dimensions of the 
Venturi tube were far too large to permit of ordinary 
calibration tests. The discharge coefficient and also 
the most suitable positions of the tapping points 
were established by model tests, as in the case of the 
Venturi flumes. The scale of the model was selected 
as 1:9. The differential head is measured by a 
displacer type of meter operated by two floats. The 
floats consist of elongated cylindrical bodies in order 
to obtain accurate results under variable heads. 
The static pressure is dependent upon the water 
level in the channel in which the grit chamber dis- 
charges, one side of which forms the storm water 
overflow weir. The variation in head may be several 
feet. 

An electrical resistance element is attached to the 
beam of the displacer meter, and this is in circuit 
with the recording and integrating instruments on 
the control panel. The adjustable contact device 
for controlling the penstock which regulates the 
discharge through the tube is also mounted on the 
It is consequently possible to ensure that the 


It may be of interest to note also that the model 
tests were extended to find out if any reaction from 
the performance of the Venturi meter was to be 
expected from the different openings of the penstock. 
All of the model tests referred to above were con- 
ducted at the hydraulic laboratory of Electroflo 
Meters Company, Ltd. 

Alternating current is employed for the operation 
of the complete metering system. It is obtained 
from the direct current mains through duplicate 
motor-alternator sets, which, with their control 
panels, are illustrated by Fig. 7. 


AUXILIARY INSTRUMENT EQUIPMENT. 


For the oil engines, Electroflo meters measuring 
the jacket cooling water flow and the effluent flow 
to heat exchangers were installed. Electroflo multi- 
point distance thermometers are used to show the 


| temperatures reached by the engine cooling water, 
| these instruments being mounted on the panel 
| shown in Fig, 8. Duplicate jacket cooling water and 


effluent flow indicators are mounted on the main 
instrument panel in the pumping station. 
(To be continued.) 








Letters to the Editor. 


(We do not hold ourselves responsible for the opinions of our 


correspondents.) 


ENGINEERS AND ECONOMICS. 


Str,—Engineers and economists alike are primarily 
concerned with wealth; the former with producing it, 
the latter with theorising about it. Wealth in the economic 
sense may be defined as consisting of those things, mainly 
of human production, the use and consumption of which 
tend to promote social well-being. Engineering is the 
science of controlling the forces and utilising the materials 
of Nature for the benefit. of man, and the art of organising 
and of directing human activities therewith. That engi- 
neers should be specially competent to discuss and 
criticise economic theory will be seen when it is pointed 
out that the production, distribution, and consumption 
of wealth—which, together, form the principal subject 
matter of economics—alike consist in changing the 
forms and positions of things, in combining, separating, 
shaping, and moving matter, utilising human activity 
and the forces of Nature to that end. 

Economic theory and modern methods of producing 
wealth may both be said to date from the year 1776. 
For in that year Adam Smith published his book “‘ The 
Wealth of Nations,” and James Watt’s steam engine 
was first applied to industrial requirements. It is true 
that there was economic speculation, and the forces of 
Nature had been utilised to a limited extent, before the 
time of Adam Smith and James Watt. But it remained 
for Smith to assemble and amplify existing fragments 
of economic thought in a work which has been an inspira- 
tion and guide for later economists, and it was not until 
after Watt’s development of the steam engine that 
power-operated machinery began to dominate the pro- 
duction of wealth. 

Adam Smith claimed that political economy, as it 
was then called, should enrich both the people and the 
State. James Watt made no such claim for the steam 
engine. Nevertheless, it was the steam engine which led 
the way to an unprecedented production of wealth. 
Subsequent developments in engineering have brought 
us to an age of potential plenty for all. Can it be said 
that eeonomic theory has made any comparable contribu- 
tion to man’s material well-being? On the contrary, 
an historical survey of the reactions of both economic 
theory and engineering on industry provides ample 
support for the contention that, whereas engineers have 
solved the technical problem of production, the problems 
of distribution and consumption baffle all attempts to 
find a solution, largely because men’s minds have been 
befogged by the so-called science of economics. Even 
economists themselves on occasion express discontent 
with orthodox doctrines. Half a century or so ago, 





Professor Jevons said: ‘‘ One hundred years after the 
first publication of Adam Smith’s ‘ Wealth of Nations,’ 
we find the state of the science to be almost chaotic.” 
Since then, economic thought has become even more 
chaotic, a “‘ seat of desolation, voyd of light.” So we 
have Professor Leacock writing a few years ago: ‘‘ When 
I sit and warm my hands as best I may, at the little heap 
of embers that is now political economy, I cannot but 
contrast its dying glow with the generous blaze of the 
vainglorious and triumphant science that once it was.” 
And now Professor J. M. Keynes, in his latest book, 
“The General Theory of Employment, Interest and 
Money,”’ remarks: ‘‘ The classical theorists resemble 
Euclidean geometers in a non-Euclidean world who, 
discovering that in experience straight lines apparently 
often meet, rebuke the lines for not keeping straight—as 
the only remedy for the unfortunate collisions which 
are occurring . . . professional economists, after Malthus, 
were apparently unmoved by the lack of correspondence 
between the results of their theory and the facts of 
observation.” On another page, Mr. Keynes points out 
that the tacit assumptions of the accepted classical 
theory of economics are seldom or never satisfied, with 
the result that it cannot solve the economic problems of 
the actual world. Not many economists dare criticise 
so courageously. Reputations are easily lost. An 
American professor, appealing for what he calls ‘‘ welfare ” 
economics as againt the more orthodox “ money and 
price’ economics, says bluntly that those who refuse 
to allow the latter “‘to masquerade as social policy, 
may by the commercial world be pronounced ignorant 
and even dangerous.” It may be noted, however, that 
several eminent men of science have faced this risk and 
made it clear that they can no longer accept the teaching 
of orthodox economics, the pioneer being Frederick 
Soddy, F.R.S., Professor of Chemistry at Oxford 
University. 

A critical examination of numerous treatises leads 
me to the conclusion that economists have rarely 
approached their subject in a truly scientific spirit ; 
they have been uncertain about their aims; they have 
been too ready to accept the conventions of their time 
as though these were permanent ; their terminology has 
frequently been vitiated by following the loose usage 
of the counting house and the market place, and their 
basic definitions have been vague and conflicting. The 
result is as though economics had become a vast jungle 
in which trees and undergrowth are a tangled mass of 
conventions, quasi-superstitions, vague abstractions, 
conflicting generalisations, and unreliable deductions. 
Down the dark labyrinthine ways of this jungle men 
wander blindly, or stand and gaze not knowing which way to 
turn. Dropping the metaphor, the application of economic 
* science” to practical affairs has apparently rendered 
society incapable of making more than a fractional use 
of the gifts which engineering science has showered upon 
it. Instead of plenty for all we still have widespread 
poverty and unemployment; the production of wealth 
is deliberately restricted though millions are in dire need 
of the goods which might be produced ; whilst on every 
hand one hears a deafening babel of voices on economic 
issues. In one country or another economists advocate 
or have advocated high wages, low wages, tariffs, free 
trade, economic isolation, internationalism, private 
enterprise, State control, free competition, co-operation, 
and the encouragement of thrift side by side with every 
inducement to spend that advertisement, high-pressure 
salesmanship, and hire purchase can provide. Meanwhile, 
nations plunge ever more heavily into debt, the whole 
British National Debt at the time of Adam Smith being 
only about one-half the annual interest payable upon 
the Debt now outstanding—a strange outcome of practices 
based on doctrines which originally aimed at enriching 
the State! And unopposed by orthodox theory, men 
who consider themselves shrewd and practical cause gold 
to be dug up in one country so that it may be buried again 
out of sight in the bank vaults of another country. Most 
preposterous of all, the principles of economics have led 
to a deliberate destruction of wealth produced—wheat, 
rubber, tea, cotton—not because the world has enough of 
such things, but b destruction suits those who 
benefit by and uphold the existing economic system. 

Misinterpretation of economic doctrines by popular 
writers, business men, and politicians, is responsible 
for confusion worse confounded. A modern American 
economist says that in his country many business men 
are at the mercy of vague rumour, empty language, and 
superstitious fear; they live in “‘a fantastic wilderness 
in which they imagine monsters of monopoly, cannibals 
of competition, subtle serpents of insidious legislation, 
the political evil eye, sinister labour conspiracies, and 
Bolshevist enchantments.” It may be said that this 
deplorable state of mind, but little removed from the 
mentality of savages, is due not so much to economic 
theory or its misinterpretati as to ignorance. But 
a true science, presenting a coherent structure of thought 
confirmed by observation, should serve to dispel ignorance 
and make misinterpretation difficult—as physical seience 
has done to a marked degree so far as activities based upon 
its application are concerned. 

Let me repeat that economists have seldom approached 
their subject in a truly scientific spirit. It must be 
admitted that they are faced with formidable difficulties. 
The search for truth, and dispassionate weighing of facts 
to that end, is far more difficult where human activities 
are concerned than when we are considering figures or 
the behaviour of matter and energy. Self-interest seldom 
blinds us when discussing the binomial theorem. Senti- 
ment does not sway us when considering the laws of 
heat and light. But when we come to economic problems, 
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self-interest, sentiment, emotion, prejudice, and a host 
of preconceptions, may obtrude themselves at any 
moment and warp our judgment. Feelings of disapproval 
or distaste may on occasion lead even a careful economist 
astray. Educational, theological, political, and patriotic 
bias may all conspire to prevent us from clearly appre- 
hending economic truths, The quest for truth may be 
further hampered by acquiescence in things as they are, 
by inability to appreciate unfamiliar points of view, 
and by the difficulty we all experience in breaking away 
from fixed habits of thought. Now, although engineers 
may be unusually well equipped by training and experience 
to discuss economic theory, they will do no better than 
the economists unless they can overcome these psycho- 
logical difficulties. 

I have sometimes thought of submitting a paper on 
economics to the Institution of Mechanical Engineers. 
Two considerations have restrained me. In the first 
place, I am not known as an economist, and would there- 
fore lay myself open to the criticism that experts must 
know more about the subject than I do. This ‘‘ expert ”’ 
nonsense, implying as it does that there are mysteries 
with which only those possessing “ inside” knowledge 
are competent to deal, is the hall mark of the quack the 
world over. It is the claim of the witch-doctor, the secret 
remedy vendor, the bogus company promoter; in the 
Middle Ages every trade or craft was a ‘ mystery,” 
the truth being, of course, that without this claim to 
recondite knowledge, reinforced by a rumble-bumble of 
technical jargon, craftsmen realised that almost anyone 
could learn to tackle their job as well as they. Even 
to-day many people have still to free themselves in this 
respect from the outlook of a pre-scientific era; they are 
prone to take the mystery-mongers at their own valuation, 
and there would certainly be some who would fling at 
me one of those sayings of a hoary antiquity which save 
the trouble of thinking, such as ‘the cobbler should 
stick to his last.”” Economics for the economist ; finance 
for the financiers! What should a mere engineer know 
of such matters ? A view which might have more weight 
if there were not—as Einstein points out—-such “ hopeless 
confusion of opinions among the experts.” 


In the second place, I find it quite impossible to study 
economic problems in the true spirit of science without 
arriving at conclusions which are anathema to vested 
interests and those whose livelihood is dependent upon 
such interests, including a great many engineers. I should 
quote Adam Smith as saying that “* the sole aim and end 
of production is consumption,” which is equivalent to the 
Socialist motto of “ production for use, not for profit.” 
“ Ah, Socialism,” I hear someone saying. ‘‘ No politics, 
if you please.” Or I might quote John Stuart Mill, 
another early economist, who said: “If, therefore, the 
choice were to be made between Communism with all 
its chances, and the present state of society with all its 
sufferings and injustices; if the institution of private 
property necessarily carried with it as a consequerice 
that the produce of labour should be apportioned as we 
now see it, almost in an inverse ratio to the labour—-the 
largest portions to those who have never worked at all, 
the next largest to those whose work is almost nominal, 
and so m a descending scale, the remuneration dwindling 
as the work grows harder and more disagreeable, until 
the most fatiguing and exhausting bodily labour cannot 
count with certainty on being able to earn even the 
necessaries of life; if this, or Communism, were the 
alternative, all the difficulties, great or small, of Com- 
munism would be but as dust in the balance.” What 
reception, I may ask, would such unprejudiced views 
get if put forward for discussion before an Institution of 
Engineers ? The word “ communism’ has been given 
such an emotion-stirrimg content by those whose interest 
it is to oppose communistic principles that impartial 
discussion in this regard has become well-nigh impossible. 
Here, again, we have a psychological barrier, the pre- 
scientific mentality at work. In his book, ‘“‘ The Mind 
of the Savage,” the French psychologist, Raoul Allier, 
says that “‘ the main preoccupation of uncivilised man is 
to discover what enemy has bewitched him.” It saves 
mental labour to put all the blame for our ills on a con- 
venient scapegoat. In the Middle Ages the devil was 
held responsible. Later, it was decided that man’s 
troubles were largely due to a lot of helpless old women, 
who were burned in their thousands before popular belief 
in witchcraft waned. In the middle of last century the 
Socialists came in for much of the blame. For example, 
The Times in 1840 referred to “the vile propensities 
professed by the execrable monsters who style themselves 
Socialists,” whilst Socialism in the same paper was called 
“poison and pestilence.” Now it is Communism or 
Bolshevism which is said to be working evil in every 
country in the world. Unlimited evidence is adduced 
in support of this view, just as it was in support of the 
belief in witchcraft, and the majority of people to-day 
could no more be convinced that there is an element of 
good in Communism, than even an intelligent man like 
John Wesley could be convinced that witches did not 
exist. If, in time, Communism, like Socialism, becomes 
semi-respectable, another bogy will be found, and, like 
the Germans, we may have our attention diverted from 
the true sources of our economic ills by wholesale persecu- 
tion of the Jews. 

Meanwhile, the Communist bogy is in danger of being 
worked to death. In The Times this morning, Sir Henry 
Page Croft associates this creed with terror, murder, 
ruin, anarchy, and refers to “‘ this disease of Communism.” 
(Compare with the comments on Socialism of last century, 
quoted above.) So might Christianity be called a disease 
because it has at one time or another been associated 


would guess that the ‘‘ Oxford Dictionary ” defines Com- 
munism as ‘ vesting of property in the community, each 
member working according to his capacity and receiving 
according to his wants’? During the past hundred 
years a very considerable amount of property has been 
vested in the community, and steps have been taken 
towards a more equitable distribution of work and wealth, 
without causing widespread disaster. (Early in the 
nineteenth century the Bishop of Winchester received 
£50,000 a year. Who would tolerate this now 7?) And it 
is manifest that the trend of social evolution in future will 
be in the same direction. 

I hope I do my profession no wrong in suggesting that 
a sufficient number of its highly placed members are so 
under the influence of the mentality indicated above as 
to make it seem not worth while to submit papers based 
on an honest search for economic truth. May I add that 
I am not a Communist in any popularly accepted sense 
of that much-abused word ? But I agree with the psycho- 
logist, Dr. Thouless, that ‘‘ there should be no question 
reasonable people dare not ask, no thought too shocking 
to think if we are to regulate our affairs wisely.”” When 
this view prevails in the engineering world, then there 
should be an excellent prospect of engineers contributing, 
through their institutions or otherwise, to a true science 
of economics. 

Hua P. Vow tes. 
Harescombe, October 12th. 


SURFACE FINISH FOR CONCRETE ROADS. 


Srr,—In the discussion on safety on roads at the meet- 
ing of the British Association, as reported in THE Enat- 
NEER of October 2nd, page 357, a speaker stated that con- 
crete roads in America were brushed across with branches 
of trees. Manifestly, such a method would be a crude way 
of obtaining a surface finish suitable for main roads 
carrying fast and heavy traffic. As a matter of fact, 
methods of a higher degree of engineering are employed in 
such cases. 

The standard specifications of the State Division of 
Highways of Illinois require that after the surface contour 
has been obtained, the surface is to be floated longi- 
tudinally with a wooden float not less than 12ft. long and 
6in. wide, the pavement being then tested with a straight- 
edge, 10ft. long, operated from a bridge which spans the 
entire width of pavement. Any unevenness of surface 
not corrected by the longitudinal float may be taken care 
of by long-handled wood floats worked transversely, but 
these latter floats are not be used to float the entire width, 
either in place of or to supplement the longitudinal 
float. These long-handled wood floats have blades 5ft. 
long and 6in. wide. After excess moisture has disappeared, 
the pavement is given one application of a soft flexible 
belt, 8in. to 10in. wide, moved forward with a combined 
longitudinal and transverse motion, obtaining the longi- 
tudinal advance with a sweeping motion. 

For the final finish the surface is finished by brooming, 
with brooms of the push or floor brush type. These are 
drawn across the surface from the centre line to each side, 
with not more than one stroke for the width of broom, 
and with strokes slightly overlapping. This operation is 
to be so executed that the corrugations produced in the 
surface of the pavement will be uniform in appearance 
and not more than jin. in depth. The brooming is com- 
pleted before the concrete is in such condition that it 
would be roughened excessively and before initial set has 
developed. 

The brooms are specified to be not less than 18in. wide, 
made from good quality bass or bassine fibre, not more 
than 5in. long, and with a handle at least 1ft. longer than 
half the width of the pavement slab. Some authorities 
specify wire brooms. 

Tests of skidding on pavetnents of different kinds 
indicate that for speeds over 40 miles per hour concrete 
is the most efficient, whether wet or dfy. 
E. E. R. Tratman. 
Wheaton, Illinois, U.S.A., 
October 14th. 








Obituary. 


Dr. GEORGE FORBES. 


Dr. Grorce Forses, F.R.S., LL.D., died at 
Worthing on Thursday, October 22nd, at the 
age of eighty-seven. Dr. Forbes, who was the second 
son of James David Forbes, F.R.S., Principal of St. 
Andrews University, and one of the founders of the 
British Association, was born on April 5th, 1849, in 
Edinburgh, and educated at St. Andrews and Cam- 
bridge. From 1872 to 1880 he was Professor of 
Natural Philosophy at Anderson’s College, Glasgow, 
during which period he was associated with 
James Young in experiments to determine the 
velocity of white and coloured light by a modification 
of the Fizeau method. In the early ’eighties he began 
to study electricity and was associated for a short 
time with the British Electric Light Company. One 
of his dynamos was exhibited at the Philadelphia 
Electrical Exhibition in 1884. In 1890 the Inter- 
national Niagara Commission invited the submission 
of schemes for the development and transmission of 
power, and Dr. Forbes presented a project involving 
the use of polyphase low-frequency current. Although 
in favour of direct current, the Commission awarded 


appointed a consulting engineer to the Cataract Com- 


pany. In 1893 Dr. Forbes designed a vertical alter- 
nator in which the armature was stationary, the field 
magnets rotating outside it. The first generators 
used at Niagara were a compromise between his 
ideas and those of the makers, the Westinghouse 
Company. In 1897-98 Dr. Forbes carried out a 
survey of the Nile Cataracts on behalf of the Egyptian 
Government. In Egypt he suggested the use of elec- 
tricity on the railways, a subject on which he already 
had experience, since in 1890 he had been com- 
missioned to report on the use of electric traction on 
the City and South London Railway. He was the 
author of ‘“ Lectures on Electricity,” ‘‘ Alternating 
and Interrupted Currents,” and “‘ Elektrische Wech- 
selsstrome und Unterbrochener Stréme.” He was 
elected F.R.S. in 1887, and was also a member of the 
Royal Society of Edinburgh, the Royal Astronomical 
Society, the Institutions of Civil and Electrical Engi- 
neers, the Astronomische Gesellschaft, the Franklin 
Institute, and the American Philosophical Society, 
and was an honorary LL.D. of St. Andrews. 








Ir is not very difficult to understand why in our issue 
of November 3rd, 1876, we saw fit to publish two articles 
dealing with recent geographical explorations. The 
unknown places of the world might any day provide fresh 
fields for the engineer to conquer or from which to extract 
new materials. It was important therefore that we should 
keep our readers informed of the progress of exploration 
even although we could record only the geographical 
results that had been attained and had nothing for the 
time being to report of direct engineering interest. In 
one article in the issue quoted we referred to the work 
which Col. C. Gordon, R.E., a ——s — the 

+ few years in regions of the Upper Nile lying between 
Khartouss and the Victoria and ‘Albert Nyanza .Lakes. 
Our article appears to be in error in stating that Gordon 
had then been in those regions for five years. Actually he 
was appointed in 1874 by the Khedive of Egypt to succeed 
Sir Samuel Baker in the task of suppressing the slave 
trade and opening up the district to commerce. Baker 
had been severely hampered by the ‘“sudd” or grass 
barrier which obst the White Nile and had been 
able to do little more than establish a few posts along the 
river. Gordon was more fortunate. Pushing past 
Gondocoro, the centre of the Provitice, he found further 
ascent of the river barred by falls or rapids at Dufflé. He 
thereupon proceeded overland to Lake Albert where he 
established posts. The chief interest attaching to the 
exploratory work which followed lay in the discovery of an 
unknown h which bifurcated north-westwards from 
the White Nile between Dufflé and Lake Albert. It was 
reported by the natives that this branch was unobstructed 
and that it rejoined the White Nile below the rapids at 
Duffié. It was therefore possible that a continuous route 
might be found by which Lake Albert might be reached 
entirely by river transportation. It was Gotdon’s inten- 
tion at the time when we wrote to explore the unknown 
branch. It was stated to be about 200 yards wide and to 
have a good eurrent. Gordon’s hopes were doomed to 
disappointment. Modern atlases fail to record even the 
existence of a branch at the point in question.... Ina 
leading article in the same issue we commented upon the 
return of the ‘“ Discovery” and the “Alert” under 
Captain Nares which seventeen months previously had 
been sent by the British Government to seek a way to the 
North Pole through Smith’s Sound at the northern end of 
Baffin Bay. It had been anticipated that the expedition 
would be absent for at least three years. It had returned 
baffled. Sledge parties had reached within 450 miles of 
the Pole, nearer to it than anyone had ever got before, but 
further progress was barred by an apparently endless 
succession of ice mountains. The expedition, we said, — 
finally laid to rest the belief that there existed an open sea 
round the Pole and equally disproved another belief that 
the Pole was surrounded by a smooth frozen sea over 
which sledges might pass. Two possibilities, we suggested, 
remained by which the Pole might be reached. It was 
possible that on the Alaska side land might exist tolerably 
free from ice and smooth enough to permit the passage of 
sledges. Alternatively balloons might be employed to 
traverse the frozen sea. On the whole however we thought 
that enough had already been done and that there was 
insufficient promise of useful results accruing to justify 
further expenditure of lives and money on Arctic 
exploration. 








CANADIAN PAPER PLANT CHANGES. 


Tue Canadian International Paper Company, Three 
Rivers, Quebec, is making additional improveménts 
to its mill, inasmuch as the groundwood end of it 
is being reconditioned. Three-line (six grinders) Waterous 
magazine hydraulic grinders are being installed, whilst 
several large Waterous horizontal centrifugal screens are 
on order to take care of increased groundwood demands. 
Another feature of interest is a specially designed electrical 
control consisting of a five-element Master Control 
patented Waterous regulator. This regulator is designed 
to control the total plant load so as to maintain a uniform 
power consumption by varying the grinder room load. 
In addition to cutting off any power peaks, this regulator 
has a special valley filling feature which will increase the 
grinder room load by a maximum of 10 per cent., in 
order to maintain a constant load at such times as the 
regulator mill load may be low owing to conveyors, &c., 
being shut down at noon hour periods, &c. Some 
improvements are also being made at the Corner- 
brook, Newfoundland, plant. Repairs have been effected 
at the Deer Lake power plant and additional protection 
equipment installed at the head gates. Changes in the 
mill include new Beloit winders on the four newsprint 
machines, widening the magazines on the grinders, and 











with murder, torture, and other detestable crimes. Who 





him a premium in 1891 and the following year he was 


the installation of some new centrifugal screens. 
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THE ACCESSORY AND GARAGE EQUIPMENT 
SECTIONS. 

HIS year the garage equipment section had grown 

to such proportions that it had to be housed in the 
Empire Hall. It gave definite evidence that the 
modern “service station’ has become a workshop 
fully equipped with specialised tools, jigs, and 
machinery to carry out certain work in the most 
rapid manner possible. The equipment often appears 
to be unnecessarily elaborate until it is recalled that 
time is everything and therefore wherever possible 
a special machine which will carry out an operation, 
say, of greasing a car or testing the brakes without 
dismantling at all and in one operation, is installed. 
The fact that elaborate machines are popular for such 
purposes proves the enormous demand for such 
attentions. 

The Ingersoll-Rand Company, Ltd., exhibited a 
range of single-stage and two-stage air compressors 
designed and built to meet the requirements of 
modern garages and service stations. A complete 
range of type 30 two-stage air-cooled compressors, 
many of which were in operation in order that the 














Fic. 9—CRACK - DETECTING MACHINE 


claims made for this type of unit could be readily 
appreciated by interested parties, was shown. These 
machines are capable of compressing air to any 
maximum pressure up to 200 lb. per square inch and 
are available in capacities from 6-5 to 41 cubic feet 
per minute. Whilst the compressors themselves were 
materially the same as last year, the general assembly 
of the outfits has been changed somewhat. The 
better balance of the firm’s two-stage air-cooled units 
has enabled a design to be prepared of a compressor 
mounted on a vertical receiver—a great saving of 
space. Several such models were shown running with- 
out being bolted down. In addition, a full range of 
pneumatic tools was on view. 

The uses of oxy-acetylene welding in repair work 
were fully demonstrated on the British Oxygen Com- 
pany, Ltd.’s, stand, where a complete range of burners 
was shown together withan automaticshaping machine. 
A special point was made of welding aluminium, 
elektron, and other non-ferrous alloys which are now 
being commonly employed in the trade. Apart from 
giving advice as to the rods and fluxes to be used for 
such work, a feature was made of demonstrations 
of cuprotectic and D.C.1 rods. The former, it is 
claimed, has many advantages over silver solder for 
light brazing operations. The use of oxy-coal gas 
lead burning equipment for repairing battery plates 
and other lead parts and the use of nitrogen as a 
medium for fillmg tires by means of the B.O.C. 
equipment were demonstrated. Spray painting equip- 
ment for metal coating was also shown. 

Ross Courtney and Co., Ltd., of Ashbrook-road, 
London, N.19, exhibited a range of the turned and 
pressed work in which the firm specialises, as well as 
various hydraulic jacks, accessories, and small parts. 
Also on view was the “ Petromag ”’ locking tap, which 
has been designed to baulk the thief and joy-rider 
and makes it possible to leave a car in a public place 
or garage with very little risk of it being used without 
permission. It locks off the petrol and switches off 
the ignition. when the key is turned. 





Motor Exhibition. 


II. 
429, October 23rd.) 


Tangyes Ltd., of Cornwall Works, Birmingham, 
exhibited a selection of accessories, car washing pumps 
and equipment, several air compressors, a hydraulic 
sleeving press, and a 6-kW oil-engined generating 
set suitable for garage power supply. 

The Laycock Engineering Company, Ltd., of Vic- 
toria Works, Millhouses, Sheffield, 8, had on view a 
large display of equipment, which included a greatly 
enlarged lubrication system, a new paint spray gun, 
a range of hydraulic jacks, and a vertical pattern 
connecting-rod aligner. 

As a means of detecting the presence of cracks in 
iron and steel parts the “‘ magnetisation ’’ method, 
by which the suspected part is magnetised and 
sprayed with iron filings is by no means new, but, 
nevertheless, is still one of the most reliable methods. 
The Equipment and Engineering Company, Ltd., of 
2 and 3, Norfolk-street, Strand, London, has 
specialised in the construction of machines for apply- 
ing this test for a number of years. This year the firm 
displayed a very suitable lay-out for testing small 
parts incorporating some novel features. The machine 
—Fig. 9—consists of two adjustable poles, across which 
the suspected part is laid so that the crack becomes 
the air gap of a magnetic circuit. A special “ ink ”’ 
is sprayed over the part and, being susceptible to 
magnetism, outlines the crack very obviously. The 
magnetism is derived from a coil, the current in which 
is controlled by a potentiometer switch, enabling the 
current to be reversed to remove residual magnetism 
and giving very delicate control. The potentiometer 
resistance also acts as a discharge resistance to the 
coil in the event of a sudden failure of the current 
supply during testing. This year an improvement 
known as the “* Magnaflux ’’ pump is provided. It 
consists of a hand or foot-operated diaphragm pump 
and mixing disc situated in the bottom of the inkwell. 
The ink is pumped past a non-return ball valve to a 
jointed distributing arm, the nozzle of which can be 
placed over any part of the work. All parts can be 
readily taken down for cleaning when necessary. A 





had a very interesting stand again this year. A 
series of ingenious demonstrations was arranged of the 
firm’s products. The effect of anti-dazzle devices, the 
sound of various horns and so on were shown in sound- 
proof cabinets and earphones or by working models 
in light-proof cabinets with peepholes. Of particular 
interest to engineers was a new accumulator vent plug 
with a funnel-shaped drip cup, which need not be 
removed when topping-up when used in conjunction 
with the prismatic acid level indicator. Replacement 
batteries were shown fitted with the Lucas prismatic 
acid level indicator. This device, which is incor- 
porated in each of the cell lids, indicates when the 
electrolyte in each cell is below the safe minimum 
level and also shows when the maximum level is 
reached, thus safeguarding against overfilling when 
‘““topping-up ” with distilled water. The device 
consists of two specially shaped glass rods ; one acts 
as the low-level indicator and the other as the high- 
level indicator. Thus, when the higher indicator 
appears light and the lower one is dark, the acid level 
is normal. When both appear light it is time to 
top-up.” 
THe Moror Boar SECTION. 


In general the motor boat section at Olympia 
demonstrated the influence of motor car practice on 
boat and engine design. The exhibits were largely 
such as to appeal to the yachtsman rather than the 
owner of a working boat, and the yachtsman rightly 
demands the same silence, freedom from vibration, 
cleanliness, and easy starting in his boat as he gets in 
his car. The necessity for a high power-weight ratio, 
too, has caused manufacturers to adopt higher work- 
ing speeds and the old bogey that no motor boat 
engine could possibly be reliable at speeds above 
1000 r.p.m. has disappeared. Prominent on the 
Parsons stand was the K.H.6.M. high-speed petrol 
engine, Fig. 10, which was making its appearance for the 
first time. It is based generally on the H.6.M., a 
moderate speed, side valve engine, having excep- 
tionally smooth running characteristics and high 
efficiency. The normal service speed has been 
increased to 2200 r.p.m. and various features pertain- 
ing to the K.6.M., which are specially designed for 
high speeds, have been incorporated. Battery coil 
ignition, a downdraught carburetter, a fuel pump, 
high-speed water and oil pumps, and forced lubrica- 
tion throughout are standard. The set on view 

















Fic. 10-90 H.P. PETROL MARINE ENGINE 


further improvement is a special demagnetising 
condenser and control switch, which is extremely useful 
in conjunction with the ‘‘ Magnaflux”’ pump for 
repetition testing, and enables parts to be magnetised 
or demagnetised automatically as the circuit is made 
or broken respectively. This patented feature com- 
prises a suitable condenser, which is charged on the 
“on” position of a special switch and provides an 
oscillatory discharge through the magnet coil on the 
‘* off” position, thus demagnetising the part under 
test. About 75 per cent. demagnetisation is obtain- 
able, which is sufficient for most purposes. The 
special switch is generally arranged for foot operation. 

The accessory portion of the Exhibition still 
remained as popular and as large as ever. Almost 
every accessory of a motor car was available in endless 
variety. A display of carburetters of the Zenith and 
Stromberg types as well as the Zenith plate type 
petrol filters was shown on the Zenith stand. Electrical 
equipment for ignition purposes was shown by the 
British Thomson-Houston Company, Ltd., and 
included magnetos of the rotating armature, rotating 
magnet, and polar inductor type, for engines from 
two to twelve cylinders ; coil ignition sets, replace- 
ment coils, automatic ignition timing devices, 
impulse starters, flexible couplings, Fabroil non- 
metallic timing gears, Mazda electric bulbs for motor 
cars were also displayed on this stand. 

Joseph Lucas, Ltd., Great King-street, Birmingham, 





develops 90 H.P. at 2200 r.p.m. and has the remark- 
ably low weight of 1000 Ib. 

On the Davey-Paxman stand the most interesting 
exhibit was probably the 6.M.R.W. engine series, consist - 
ing of four, five, six, and eight-cylinder units. The bore 
is 54in. and the stroke 7in. The normal revolutions are 
from 1000 to 1500 r.p.m. The engines are typical of 
the firm’s design, being totally enclosed overhead 
valve units, the camshaft being placed halfway up 
the engine. Full force feed lubrication is provided 
to all moving parts, including the valve gear. The 
firm’s patented ‘‘Comet and Whirlpool” pre- 
combustion chamber is fitted and a decompression 
device is used to assist starting. In addition to hand 
starting gear, either air or electric starting is available 
for these engines. 

On the stand of the National Gas and Oil Engine 
Company, Ltd., of Ashton-under-Lyne, a full range 
of the firm’s smaller engines was to be seen. A special 
feature was made, however, of the oil-operated 
reverse reduction gear-box, as fitted to the 120 H.P. 
engine of the M.V.M.6 type. The remote control 


-method of operating the box was demonstrated and 


showed the ease and lack of effort in reversing. As 
the clutches used operate in oil, little wear need be 
expected in this component and there is no difference 
in wear when the gear is run ‘“‘ astern”’ for long periods. 

Four new engines were shown on the stand of 
Ruston and Hornsby, Ltd., of Lincoln. The largest 
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was a four-cylinder 38 B.H.P., four-stroke engine fitted 
with reverse and 2/1 reduction gear. Both electric 
starting and hand starting equipments are supplied 
for this set. The complete unit is extremely compact 
and rigid, a single bed-plate supporting the engine 
and reverse gear. 

The second propulsion engine shown was a 15 B.H.P., 
two-cylinder, four-stroke unit fitted with reverse 
gear. The 15 B.H.P. and 224 B.H.P. engines of this 
cylinder size and the 10 B.H.P. engine of the smaller 
cylinder size are also important additions to the 
Ruston range. The smallest unit on the stand was a 
14 B.H.P. petrol-engined auxiliary generating set. 


This is an extremely useful little set for use on yachts 
and similar craft. A range of horizontally opposed 
oil engines exhibited by Coventry Victor Motor Com- 
pany, Ltd., showed the compactness of this type of 
unit, both for small boat propulsion and for auxiliary 
driving. 

Quite a number of dinghies, ‘‘ runabouts,”’ and 
even small cruisers were on exhibition, prominent 
among which were a Thornycroft 33ft. by 9ft. twin- 
screw mahogany cruiser fitted with the maker’s 
9 H.P. ‘‘ Handybilly ” petrol engines and a 26ft. by 
8ft. 8in. Chris Craft cruiser fitted with an 85 H.P. 





Chris Craft six-cylinder engine on rubber mountings. 








The New Research Laboratory of the 
Mond Nickel Company. 


LARGE gathering of representatives of the leading 
fA. industries of the country assembled in Birmingham 
on October 21st for the opening and inspection of the new 
research laboratory of the research and development 
department of the Mond Nickel Company, Ltd. The 
chair was taken by Lord Weir, who explained that no 
formal opening ceremony had been planned. In his 
remarks he dealt with the policy of the company in pro- 
moting research in various centres on problems associated 
with the production of nickel, with the production and 





CREEP TESTING UNITS 


refining of the precious metals of the platinum group, 
and with the manifold applications of nickel in metal- 
lurgical industry. It was with this last activity, the pro- 
vision of a broad foundation of research work on which 
fuller information about the uses and effects of nickel 
could be based, that the new laboratory was concerned. 





CENTRAL CORRIDOR, 


The next speaker was Dr, J. F. Thompson, executive vice- 
president of the International Nickel Company of Canada, 
Ltd., who outlined the objects of the research work of 
the company and read a message from the president, Mr. 
Robert C. Stanley, who, in 1921, as a senior official of the 
International Nickel Company of New Jersey, originated 





the first research and development service in the nickel 
industry. Mr. D. O. Evans referred to the help and 
inspiration derived in earlier days from the scientific work 
which Sir Robert Mond had carried out in his own private 
research laboratories, and Sir Harry McGowan emphasised 
the importance of research as the forerunner of all 
successful development work. 

After the layout of the building had been briefly 
described by Mr. W. T. Griffiths, head of the research and 
development department, the guests dispersed to inspect 





practicable, but the floors are designed for factory loads. 
Partitions have been constructed in steel where rearrange- 
ments of the accommodation are probable, and elsewhere 
in brick or sound-insulating fireproof brick. The site 
was excavated to a depth of about l0ft., except at one 
end, where there was good ground, and a basement was 
constructed, 140ft. by 40ft., with 10ft. head room. The 
basement provides accommodation for storage, for the 
air-conditioning plant, and contains also the service dis- 
tribution gear, air compressor, &c. 

The ground floor space, see plan, is divided into stores, 
machine shop, mechanical testing laboratory, heat-treat- 
ment laboratory, thermal analysis laboratory, weighing 
room, melting shop, and semi-technical laboratory. To 
avoid the transmission of vibration, the machine shop floor is 
insulated from the main structure by a space filled with 
rubber mastic. The floor, 42ft. by 30ft., is supported on 
nine concrete columns, each having its own foundation 
below the basement floor. One half of the mechanical 
testing laboratory floor is constructed similarly to the 
machine shop floor to reduce the transmission of shocks 
from the testing machines to the remainder of the building. 
On this part of the floor are a 50-ton Amsler universal 
testing machine and two Avery tensile testing machines 
of 5 tons and 1 ton capacity respectively. Space is 
available for additional testing machines. The mech- 
anical testing laboratory, which has an area of 42ft. 
by 30ft., also contains six creep testing units, and a 
number of fatigue testing, hardness testing, and other 
machines. Provision has been made so that the portion 
of the room occupied by the creep testing machines can 
be partitioned off later. 

From the mechanical testing laboratory a short corridor 
leads to the heat treatment and thermal analysis labo- 
ratories. From the heat treatment laboratory swing 
doors lead to a large laboratory, 42ft. square and 
28ft. high, which has been designed to accommodate 
equipment for experiments on a semi-works scale. 











RESISTANCE WIRE LIFE TESTING EQUIPMENT 


the laboratories. Each guest was presented with an 
illustrated brochure from which the following description 
is derived. 

The laboratory is situated at Wiggin-street, Birming- 
ham, on a site 187ft. by 43ft. The structure is of reinforced 
concrete and consists of basement, three floors, and pent- 


SECOND FLOOR 


house on the roof. The building is faced with red bricks 
and a feature of the front elevation is a curved window 
38ft. high, lighting the main staircase in the centre of the 
block. 
tions, and to permit alterations with a minimum of 
difficulty, internal columns have been avoided as far as 


In order to free the laboratories from obstruc- 


On the first floor the west end of the block is occupied 
by the physical and general laboratories, each being 20ft. 
by 30ft. The physical laboratory contains a Hughes 
permeameter and other magnetic testing equipment, a 
variety of resistance bridges, and similar equipment for 
determinations of physical constants. The centre part 





GENERAL LABORATORY 


of the first floor is occupied by offices, there being a con- 
ference room, writing room, general office, and two other 
offices. The east end of the first floor contains metallo- 
graphy, preparation, macro-photography, and dark rooms. 
The metallography room contains a Zeiss photo-micro- 
graphic outfit and hand microscopes, together with a 
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Hilger spectrograph and a Leitz universal dilatometer. 
These last two instruments are situated in the metallo- 
graphy room to keep together all photographic work. 
The macro-photography room contains cameras, adjust- 
able stands, spot lights, and enlarger, and, in addition, 
is provided with normal dark room facilities. 

The west end of the second floor contains two rooms at 
present occupied by equipment for the testing of electrical 
resistance and heat-resisting materials. In one of these 
rooms the work principally carried on is the accelerated 
life testing of resistance wires, for which there are sixty 
units for the Bash and Harsch test, and sixty units for 
testing wires in the form of spirals in refractory formers. 
Power is obtained from tapped transformers giving 
voltages from 5 to 110, controlled by two voltage regu- 
lators. The second room contains equipment for testing 
electrical resistance materials under conditions simulating 
those of service. Tests made in this room include life 
tests on electric fire bars, hot plates, oven and iron elements. 
For these tests there is a tapped transformer, giving 
voltages from 5 to 250. In both rooms timing devices, 


relays and contactors have been installed, so that the 
elements under test may be switched on and off auto- 
matically, and equipment is provided to record the life 
of the materials under test. 

The remainder of the west half of the second floor is 





tained, and it may confidently be expected that the new 
laboratory will take its place amongst the more important 
organisations of its kind in the world, and that the 
researches carried out there, under the direction of Mr. 
Griffiths and under the immediate supervision of Dr. Pfeil, 
will not only benefit the user of nickel and its alloys, but 
will be of lasting service to metallurgical, engineering, and 
chemical science as a whole. 








An Alpine Road. 


Up to the middle of the last century the Alps formed 
a barrier to trade and communication between the North 
and South of Europe throughout the winter generally 
from October to June. During the era of railway develop- 
ment in the latter half of the nineteenth century this 
barrier was pierced and rail traffic was opened up between 
the two areas. The Mont Cenis tunnel, linking France 
and North Italy, was completed in 1871, the Saint Gothard, 
linking Switzerland and Italy, in 1875. Later, the Simplon 
completed in 1906 and the Loetchberg in 1912, provided 
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A—Space for Future Extensions. 

B—Space for Electro-plating, Museum, 
Library, &c. 

C —Chemical Stores. 

D—Chemica] Laboratory. 

E—Corrosion Laboratory. 

F —Life Testing Laboratory. 

G—Main Corrosion Laboratory. 

H-——Balance Room. 


K—Upper Part 


Laboratory. 
O—Dark Rooms. 


MOND NICKEL Co. — NEW 


occupied by chemical and corrosion laboratories. The 
main corrosion laboratory is 40ft. by 20ft., and contains 
specially designed apparatus for alternate immersion, 
circular path, and jet tests. On the other side of the 
corridor there are two laboratories, each 20ft. square, 
the partition between them being, in fact, two rows of 
fume chambers placed back to back. One of these rooms 
is used mainly for corrosion tests involving the develop- 
ment of fumes, while the other is used for chemical 
analysis. Electro-plating is carried on at present ip this 
section of the laboratory, but will later be carried on in a 
room partitioned off from the spare space at the east end 
of the block. A balance room, chemical stores, and pre- 
paration room are situated near the chemical and corrosion 
laboratories, while a small room is provided for indoor 
atmospheric corrosion tests. 

The central staircase is continued up to the roof, where 
there is a pent-house containing two small rooms. One 
of these rooms is used for the storage of inflammable 
materials, and the other contains a sea water tank, supply- 
ing the jet test apparatus in the corrosion room below, 
the sea water being returned to this tank by an air lift. 
The roof of the laboratory is flat, and carries corrosion 
frames, which, if desired, may be brought into the pent- 
house for the examination of the specimens. 

Mr. W. R. Barclay in his Presidential Address to the 
Institute of Metals, 1936, revealed the interesting fact 
that the Committee charged with the investigation of the 
possibilities of development work for the Mond Nickel 
Company in 1923 based its reports on the principle that 
“it is absolutely necessary that, amongst engineers and 
users of metal generally, a feeling of confidence should be 
engendered in regard to statements and publications 
about nickel.” This high standard has always been main- 


J —Heat-resisting Alloys Laboratory. 


L—Grinding and Etching Room. 
M—Macro Photography Room. 
N—Metallography Laboratory. 


P —General Office. 
Q—Physical Laboratory. 





R —General Laboratory. 

S —Melting Equipment. 

T —-Semi-technical Laboratory. 

U —Thermal Analysis. 

V —Heat Treatment Laboratory. 
W—Mechanical Testing Laboratory. 
X —Machine Shop. 

Y —Main Stores. 
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RESEARCH LABORATORIES 


direct routes between Berlin and Milan. The railway 
linkage was thus completed through the barrier. 

The more modern system of transport—the road 
vehicle—has no such provision, and the pass-road over 
the Simplon is closed by snow during some six months 
of the year, making it necessary for all road traffic to be 
carried by rail through the tunnels, Various projects 
have been prepared for overcoming this difficulty, one 
of which was referred to in a Journal note on May 3rd, 
1935, and consisted of a scheme for @ road tunnel between 
France and Italy. Another ingenious scheme has now 
been proposed. It consists in the utilisation of one of 
the two existing galleries of the Simplon railway tunnel. 
Originally, the railway operating scheme for the Simplon 
involved the use of two parallel galleries each 19,825 m. 
long and 17 m. apart from axis to axis, each containing a 
single line, but when the first gallery was put into opera- 
tion in 1906 the second served only as a ventilating duct 
about 3m. square. Only in 1912 was the enlargement 
of the second tunnel begun, and it was not completed 
until 1922. Thus, the single-line working through one 
tunnel was sufficient to carry the traffic for a period of 
sixteen years. 

The new scheme proposed by the “ Société d’étude 
pour ]’Autostrade du Simplon,’”’ and described in our 
French contemporary, Le Genie Civil, envisages the 
utilisation of the second tunnel for road vehicle use and 
the reversion to single-line working in the first tunnel 
for railway traffic at present using both tunnels. The 
disorganisation of the railway service would be negligible 
in view of the fact that the time-table of the Swiss Federal 
Railways included one train per hour twenty-five years 
ago with single-line working, and to-day has only eighteen 
per day. In case of accident occurring in the railway 








tunnel and causing a delay in the rail traffic, the scheme 
proposed is to retain the railway track in the tunnel 
used for road work, the road surface consisting of an 
upper layer of ferro-concrete. The existing tunnel dimen- 
tions, 4:4m. by 5-35 m., are sufficient to allow its use 
by the largest road vehicles in existence. The preserva- 
tion of the railway track would also allow its use by a 
series of light trollies on which would be transported the 
cars of those who prefer not to drive themselves through 
the tunnel. Their vehicles would be mounted on the trolleys 
and travel through on rails. A breakdown vehicle 
operating at high speed on the railway track would also 
be maintained, 

The tunnel would have one-way traffic. At the “even” 
hours of the twenty-four it would travel from Brigue to 
Iselle, and at the uneven hours from Iselle to Brigue. 
Little risk of accident would be involved as the Swiss 
rule of the road at dangerous places, ‘‘no overtaking 
allowed,” would be enforced. A minimum speed limit 
of 60 kiloms. per hour, or about 37 m.p.h., would be 
imposed, thus avoiding the risk of congestion and allowing 
eighty vehicles per hour to pass through the tunnel 
equally distributed at a distance apart of 250m. The 
time taken at this speed would be about twenty minutes. 

On arrival at the entrance to the tunnel the car would 
pass the Custom and passport controls. It would then 
enter the “ Autostrada”’ area. It would be compulsory 
to have a full tank of fuel on entering to avoid the risk 
of stoppage. In addition, a rapid examination of the 
condition of the vehicle would be made, particularly with 
regard to tires. In the event of a breakdown the 
passengers and driver would have to remain in the 
vehicle, photo-electric indicators informing the breakdown 
department that a vehicle had stopped. An electrically 
operated breakdown vehicle designed to lift the car and 
transport it along the tunnel would then arrive within 
ten minutes. 

The tunnel would be illuminated throughout its length 
by indirect lighting. The ventilation scheme envisaged 
would be based on experiments made at the Bureau of 
Mines Experimental Station at Yale University to deter- 
mine the maximum quantities of the oxides of carbon 
which the human organism can absorb during a 
given period of time without sensation of illness; the 
quantities of the oxides which an automobile driver can 
safely absorb; and the influence of physical effort on 
the volume of inspiration and on the degree of absorption 
of CO. The conclusion arrived at was that during a period 
of forty-five minutes a factor of 0-04 per cent. of CO in 
the atmosphere can be breathed with complete safety and 
without disagreeable sensations. 

The ventilation of the Simplon road tunnel would be 
carried out by utilising the electrified railway tunnel 
and taking air from it by means of 100 transverse passages 
which already exist linking the two tunnels. Fans would 
be placed in these passages which would be hermetically 
sealed and would draw from one tunnel to the other 
2 cubic metres of air per second. The air of the road tunnel 
would thus be replaced every three-quarters of an hour, 
approximately 720,000 cubic metres of fresh air per hour 
being provided. With the traffic maximum envisaged 
the factor of carbon monoxide would not exceed 0- 0233 per 
cent. 

The approximate figures for the cost of the undertaking 
would be in Swiss francs : 





Francs. 
Construction of the ferro-concrete road 
OUFEReS... 6s oe 6 mm ee - ++ 800,000 
Sealing up of the existing galleries 20,000 
Lighting ofthe tunnel .. .. .. .. 800,000 
Ventilation installation... .. .. .. . 1,000,000 
Approach roads at Iselle and at Brigue 400,000 
Customs and administration buildings at 
Brigue and at Domodossola 3 300,000 
Special Installations, e.g.; 
Carbon monoxide detectors, photo-electric 
indicators, loudspeakers, &c. .. .. 200,000 
Development charges, &c. wie 150,000 
| A Dae 330,000 
Total BS os aaa . 3,500,000 
The running costs would be, in Swiss francs : 
Frarics, 
Lighting, 1,000,000 kWh at 0-04f. .. .. 40,000 
Ventilation, 100 fans at 15 kW, 10,000,000 
SL Re eee err | 
Salaries of personnel 120,000 
Total 360,000 


An estimated traffic of 100,000 vehicles per annum is 
envisaged. The existing tariff of the Swiss Federal Rail- 
ways for the transport of automobiles through the tunnel 
is 53-90f. on Sundays, and 73-50f. on weekdays. The 
amount received annually is about 70,000 Swiss francs. 
Reduced charges are contemplated. For the road tunnel 
a tariff of 10 Swiss francs per metric ton of loaded vehicles 
is proposed. With an average vehicle weight of 1500 kilos. 
the annual takings would be 1,500,000 Swiss francs with- 
out allowing for heavy lorries, &c. There is a traffic of 
1000 vehicles per annum at present through the tunnel 
transported on railway wagons. In addition, during 
1934, from June to October, 14,000 vehicles utilised the 
Col du Simplon road at a height of 2000m. On these 
figures a return on capital of 10-4 per cent. at least could 
be expected after deduction of a reimbursement to tho 
railway of one-third of the receipts. The construction 
itself could be rapidly carried out, a period of construction 
of twelve months being envisaged once the diplomatic 
formalities were arranged. It is claimed that the provision 
of a route at low altitude from one side of the Alps to 
the other would be of the greatest interest to the 
economical position of the whole of Europe. 








A NEw type of galvanised sheet which can be painted 
without special surface treatment by the user is being 
marketed in the United States by the Armco Company. 
The steel sheets, says the Machinist, have the properties 
of fully coated galvanised sheets with the added protection 
of a special insulating coating which keeps the paint 
from direct contact with the zine surface. The metal 
thus has a good physical surface for mechanical adhesion, 
together with chemical neutrality which retards ageing 
of paint. 
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Rail and Road. 





THE thirteenth session of the International Railway 
Congress is to be held in Paris from May 21st to June 12th, 
1937. 


Tue St. Aubins terminus of the Jersey railway has been 
devastated by a fire. The five shops by the station and 
the main building were completely destroyed and ten 
railway carriages burned. 

New buildings are to be constructed at the Metropolitan 
line Neasden depét of the London Passenger Transport 
Board, which, when completed, will have a total floor area 
of over 260,000 square feet, and, including sidings, the 
whole depdét will cover 44 acres. ’ 


THe first contract for the new tunnel for the eastern 
extension of the Central London Railway line has been 
placed by the London Passenger Transport Board. 
Work on this section is to begin this month, and the 
tunnel will be some 3 miles long, from Mile End to Leyton. 


THe Chinese Minister of Railways is granting a loan of 
some 5,000,000 dollars towards the cost of developing 
Whampoa Harbour on the Canton River. Part of the 
money will be spent on the construction of a line to connect 
the harbour with the Canton—Hankow Railway. The new 
line will enable the imports and exports of Central China to 
be dealt with. 


EXPERIMENTS in the refrigeration of cut flowers, to 
keep them fresh on long railway journeys, are being con- 
ducted by the L.M.S. Railway. The experiments consist 
of loading the flowers in a railway van fitted with a 
container Of “ drikold” refrigerant (solid CO,), or, of 
placing a small quantity of this refrigerant in the boxes 
in which the flowérs are packed. So far, however, the 
experiments have not been wholly conclusive as to the 
best method of applying the refrigerant, and research 
workers are still investigating the problem. 


EmpPrre woods will be used in the construction of the 
next four sets of escalators for London Transport. The 
five new escalators at King’s Cross will have panels of 
Queensland walnut and five escalators at Post Office 
Station, now being built, will be panelled with Indian 
laurel. Plain Bubinga from South Africa and Australian 
Silky Oak will be used on two other sets of escalators to 
be selected. The decision of the Board follows an experi- 
ment at Moorgate Station where an escalator was fitted 
with a number of test panels of Empire woods. 


IN a note on new railways in China, the Railway Gazette 
says that it is authoritatively stated that the Nanking- 
Wuhu-Chuancheng (Ningkwo) railway, known as the 
Kiangnan line, is to be extended from Chuancheng to 
Kweichi (Kweiki), a station on the Chekiang—Kiangsi 
Railway, about mid-way between Yushan and ‘Keaciiee. 
This connection will complete a chain of direct rail com- 
munication between Nanking, south-western Chekiang 
and Kiangsi, and eventually with Canton vid Chuchow, 
when the Nanchang-Pinghsiang section of the Chekiang— 
Kiangsi line is completed. Both these new lines are 
expected to be finished in about eighteen months’ time. 


Tue L.N.E. Railway has decided to fit two further six- 
coupled express passenger engines of type B3 with 
Caprotti valve gear. These engines are of a class intro- 
duced on the Great Central Railway for express passenger 
train services, and are popularly known as the ‘“ Lord 
Faringdon ” class. Two of these engines were fitted with 
this valve gear eight years ago, and they have given 
excellent service, running an average of 53,000 miles per 
annum. The decision to equip two more engines of the 
same class has been prompted by the saving in coal 
consumption which has been observed in the case of the 
two engines already equipped, particularly since the design 
of the gear was modified about two years ago. 


Part of the Roman road known as Fosse Way, in the 
northern part of Leicestershire, will be converted in the 
course of the next ten months into a modern highway 
with dual carriageways and space for cycle tracks. A 
grant towards the cost of the scheme, estimated at more 
than £26,000, has been made by the Minister of T: rt 
to the Leicestershire County Council. The length of road 
concerned is on the route between Leicester and Lincoln, 
and extends from the northern boundary of Leicestershire 
to a@ point about 14 miles south. Over this section, which 
has a carriageway only 20ft. wide, some 5000 tons of 
traffic passes daily ; it is proposed to widen the road to 
100ft. Each of the dual carriageways will be 20ft. wide 
and constructed of reinforced concrete. Fosse Way, 
the ancient highway between south Devon and Lincoln, 
is over 200 miles long, and it has been calculated that 
at no place is it more than 6 miles out of a straight line. 
The present-day route from Bath to Lincoln joins Fosse 
Way east of Hinckley, in Leicestershire, and for a distance 
of 54 miles traffic follows the same route as it did more 
than 2000 years ago. 


Tue Restriction of Ribbon Development Act, 1935, 
confers upon local authorities outside the Administrative 
County of London powers enabling them to provide and 
maintain buildings for use as parking places, and to provide 
and maintain underground parking places, and gives the 
Minister of Health power by order to confer upon local 
authorities in London both these new powers and the 
power to acquire and utilise land for the provision of 
car parks. On October 12th, 1936, the Minister of Health 
made an order conferring these powers upon the Common 
Council of the City of London and the Councils of the 
Metropolitan Boroughs. The Minister of Transport has 
on previous occasions expressed the view that the parking 
of vehicles in a public street is a privileged use of the 
highway not contemplated by the law governing the use 
of the highway, and should be confined within the 
narrowest possible limits. Great loss of traffic space is 
occasioned by waiting vehicles, and the provision of suit- 
able places where vehicles may wait off the highway would 
make for the freer and safer movement of traftic and would 
facilitate the legitimate use of frontages. For these 
reasons the Minister has suggested to the authorities in 
the Metropolis that where the public needs are not being 
otherwise adequately met, they should give the subject 


Miscellanea. 





THE total value of contracts placed for new cars at the 
Motor Show at Olympia, which closed on Saturday, 
October 24th, is estimated at £88,000,000. 


Russia now occupies the position of the largest pig iron 
exporting country in the world. For the first six months 
of this year 340,742 tons of pig iron were exported. 


A LARGE coated board and paper mill is to be built at 
Nantgarw in South Wales by the Trading Estates Com- 
pany, under the Special Areas Development and Improve- 
ment Act. 

INVESTIGATIONS by the United States National Bureau 
of 8 
flowing river has a greeter scouring effect than muddy 
water on a sandy bed. 

At the annual meeting of Baird Television, Ltd., 
Sir Harry Greer said that the first actual public high- 
definition service of television in this country would be 
in operation early next month. 

Tue Controller of the London Telephone Service, Mr. 


Controller in June, 1929, there were 635,000 telephones in 
London ; there are now one million. 


AccorpiIne to the recently issued reports of H.M. 
Inspectors of Mines and Quarries, the output of minerals 
at quarries in this country during 1935 reached the record 
high figure of 84,000,000 tons. The number of quarries 
worked during the year was 5076, the average number of 
employees being 70,785. 

Wuart is believed to be one of the tallest turntable 
fire escapes in the world has been supplied to the Hull 
City Fire Brigade by Leyland Motors, Ltd. When fully 
extended this steel ladder reaches a height of 150ft. 
The complete escape unit weighs over 11 tons, and is 
propelled by a 115 H.P. engine, which gives it a full speed 
of over 50 miles an hour. 


SPEAKING about the reduction of costs of production 
by the introduction of machinery in collieries, Mr. 
Hinchcliffe, at a meeting of the National Association of 
Colliery Managers in Leeds, said that in Yorkshire the 
output per employee per manshift in 1928 was 23-2 cwt.; 
in 1935 it was 27 ecwt., being an increase of 3-8 cwt. 
The total cost of production per ton in 1928 was 12s. 6d., 
and in 1935 it was 11s. 3d., a decrease of 1s. 3d. per ton. 


WE regret to note the death of Mr. James T. Forgie who 
was well known in the Scottish coal and iron industries. 
He was associated for fifty-seven years with the firm of 
Wm. Baird and Co., Ltd., and resigned chairmanship of 
the company at the beginning of this year. For three 
years he was President of the Mining Institute of Scot- 
land, and was a member of the Council of the Federated 
Institution of Mining Engineers of Great Britain. In 
1919, as President of the Scottish Coalowners’ Associa- 
tion, Mr. Forgie was a member of the Royal Commission 
appointed under the Coal Industry Commission Act, and 
for several years he served as Chairman of the Scottish 
Coal Conciliation Board. 

THE use of unbleached cotton fabric for repairing leaky 


says that the material should have a weight of 3} to 44 
lineal yards per pound, with a thread weave of 40 to 60 
per inch. It should be fastened to the existing roof with 
a medium thick paint of the bituminous or oil type, which 
is acid resisting and free from chemicals injurious to cotton 
fibres. Before application the material should be soaked 
for twenty-four hours at least in clean water. The roof 
is cleaned, and after a coating of the paint has been well 
brushed in the fabric is applied wet. Creases and wrinkles 
should be left in to allow for expansion and afterwards 
another coat of paint applied. Roofs so treated have 
given many years of satisfactory service. 


In Esthonia the increase of radio listening has been 
seriously retarded by the small extent to which the country 
is electrified. This fact, says a note in the Electrical Review, 
has induced the broadcasting authorities to try an inter- 
esting experiment. They have purchased 120 windmiil 
genérators to be distributed in various parts of the country 
and especially designed for the service of broadcast 
listeners. By means of this network it is intended to 
operate a national accumulator charging service. The 
generators have been purchased in America. At a wind 
speed of 3 m. per second, they are said to produce enough 
electricity to charge six accumulators. Work has also 
started on the erection of a new broadcasting station near 
Turi, and to begin with the output power will be 50 kW. 


A tampP which is expected to be of particular aid to 
industry has just been perfected as the result of research 
undertaken by members of the Electric Lamp Manu- 
facturers’ Association. This lamp is a development of 
the mercury electric discharge lamp, at present used for 
street lighting and to some extent in factories. The new 
models will be made in 80 and 125-watt sizes, whereas 
previously they were not marketed in smaller sizes than 
150 watts. They look very much like an ordinary house- 
hold lamp, but in place of the usual tungsten filament, the 
light is given out by an electric discharge in mercury 
vapour, the source being about half the size of a cigarette. 
The lamps will be available to work off the ordinary 
230-volt supply without requiring a step-up transformer. 
They still, however, require a small choke in series. 

In a paper before the American Chemical Society, Dr. 
H. R. Dittmar, of the du Pont Company, described a new 
clear plastic which was claimed to be as strong as glass, 
flexible and non-shattering. Known as “ Pontalite,”’ this 
product is a polymerized methyl methacrylate and a 
factory for its commercial production is in course of con- 
struction. Softer than glass, the material can be sawed, 
cut, drilled, and polished, as well as moulded readily to 
any desired form. A liquid intermediate variety can be 
poured into moulds and hardened, and it has been used 
successfully as an impregnant for wood, cloth, paper, 
stone, and electrical apparatus. Materials treated in this 
way are said to be much more resistant to water, oils, and 
chemicals. Because the methyl methacrylate is com- 


patible with other resinous materials it is believed to have 
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have shown that clear water in a swiftly | 


W. H. U. Napier, has just retired. When he became} 


roofs is described in Engineering News-Record. The article 





Air and Water. 





Ir has been officially stated by the Cunard White Star 
Company that it has no intention of accepting the Hales 
Cup to mark possession of the blue ribbon of the Atlantic. 


In a fire which took place at Brooklands Aerodrome 
on the afternoon of Saturday, October 24th, two large 
hangars, together with eight aeroplanes and a number 
of engines were destroyed. 


Tue first of the Empire flying boats, the “ Canopus,”’ is 
now in the Mediterranean, and will soon enter service. 
On her official trials, this flying boat is reported to have 
attained a speed of 199 m.p.h. 


THE new Transatlantic airport in Ireland will be at 
Ryanna, on the County Clare shore of the river Shannon, 
according to a recent statement. It will be known.as 
the Kilconry International Airport. 


Ir is expected that the liner ‘‘ Majestic,’’ which instead 
of being broken up was taken over by the Admiralty and 
renamed H.M.S. ‘‘ Caledonia,” will be ready to take up her 
duties as an accommodation ship at Rosyth next April. 


A Factory for the manufacture of variable-pitch air 
screws is to be built at Lostock Hall, near Bolton. The 
factory is to be built by the Government and will be handed 
over to a manufacturing company, which will receive from 
the Government management fees and payments to cover 
the costs of production. 


In the course of her trials the Compagnie Generale 
Transatlantique’s new 10,200-ton liner ‘‘ Ville D’Oran,” 
attained a of 23-75 knots. She has now been placed 
in service on the Marseilles to Algiers route, with her sister 
ship the “* Ville D’Alger.”’ 


On Tuesday, October 20th, the Royal Dutch Steam 
Packet Company’s liner “Van der Wijck” capsized 
between Sourabaya and Samarang. Of her 187 passengers 
and crew, 34 are missing. The cause of the disaster has 
not been ascertained, as the ship was in good order and 
the weather was favourable. 


Aw American company has manufactured an amphibian 
machine which, with the exception of the fabric covering of 
the wings and tail surfaces, is entirely of stainless steel. 
The machine, which is fitted with a 285 H.P. radial 
engine, has a maximum speed of 150 m.p.h., a range of 
450 miles, and a service ceiling of 15,000ft. 

Vicz-ApmrraL C. P. TauBor, at present in command 
of the submarine service, has been selected to succeed 
Admiral Sir Perey Addison at the Admiralty as Director 
of Dockyards. The change will take effect next January. 
Rear-Admiral R. H. T. Raikes will take over the submarine 
command in succession to Vice-Admiral Talbot. 


THE first of the new Fairey ‘“‘ Hendon” twin-engined 
heavy bombing machines has been delivered to the 
R.A.F. These machines, which are driven by two Rolls 
Royce “ Kestrel” engines, have a loaded weight of 
19,200 Ib. They are low-wing cantilever monoplanes, 
with a span of 101ft. 9in., and carry a crew of four, and, 
when required as such, can be converted into troop carriers. 


PRELIMINARY particulars of the British Burnelli mono- 
planes made in this country by the Scottish Aircraft and 
Engineering Company, Ltd., are published in Flight. 
They are high-wing, strut-braced, all-metal machines, and 
the first one has been fitted with two fully supercharged 
Rolls-Royce ‘“‘ Kestrel XVI” engines, driving 10ft. 
diameter variable pitch air screws. They have a span 
of 73ft. 6in., a length of 45ft. 3in., a tare weight of 9327 Ib., 
and gross weight 15,000lb. The maximum speed is 
245 m.p.h. at 14,500ft., and the cruising speed 216 m.p.h. 
at the same height. 


SPEAKING at a recent meeting Mr. W. A. Whitelaw, a 
member of the Leith Dock Commission, said the £450,000 
extension scheme would give within four years new piers 
almost } mile farther out to sea, with an entrance 400ft. 
wide, as compared with 230ft. between the present pier 
heads. It would also give a dredged water acreage about 
equal to the whole of the acreage of the present Leith 
docks, and facilities for the fish trade as early as possible, 
and for further o berths, as well as providing much- 
needed land space for oil storage, timber storage, or other 
business requirements of advantage to the port. 


Tue Bureau of Air Commerce of the United States 
Commerce Department is taking over control of airway 
traffic stations at Newark, Chicago, and Cleveland. Other 
Bureau of Air Commerce control stations are to be estab- 
lished at Detroit, Washington, Pittsburg, Los Angeles, 
and San Francisco. The intention of the Bureau is to 
establish a national airways traffic control system. The 
stations are to work in conjunction with the air lines, and 
also with operators in the control towers at air ports who 
supervise the actual landing and taking off of aircraft. 
Air line pilots will supply the Bureau’s control stations, 
before starting a journey, with copies of their flight plans, 
including proposed height, speed, &c. Radio reports 
from machines in flight, and the checking of positions by 
the use of markers on maps, will enable the stations to 
control the movements of the air traffic on the various 
routes and avoid congestion at terminal points. 


Tue Air Ministry Inspector of Accidents’ report has 
been issued on the mishap to the Imperial Airways’ 
flying boat ‘“‘ Scipio” at Mirabella on August 22nd last. 
The accident took place when the machine was being 
brought into Mirabella for refuelling. The pilot failed 
to level up sufficiently, and the hull was broken by the 
force of the impact with the water. The machine sank 
and two passengers were drowned, all the other occupants 
being injured. It is concluded that the accident was 
due to two contributory causes. First, the setting of the 
tail plane of the machine was at or near its position of 
maximum incidence when the pilot was attempting to 
alight without his being aware of the fact. Secondly, 
the pilot misjudged his approach and had consequently 
to “open out” his engine at the last moment. The 
combined effect of these two factors was to produce a 
downward pitching moment of such magnitude as to 
render the pilot unable at such a low altitude to level up 





a very broad application. 


the boat before reaching the water. 
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MOTOR BOATS IN THE NAVY. 


THe Navy Estimates for the current year 
include an appropriation of £139,547 to cover the 
cost of six “motor torpedo-boats.’’ When the 
Estimates were published it was widely assumed 
that the vessels in question were an improved 
version of the ‘‘ coastal motor boats,’’ which were 
introduced into the Navy during the war. Later, 
however, it transpired that they represented 
a new type, developed out of the power boats 
which during the past two or three years have 
been displacing the steam pinnaces and smaller 
power craft hitherto carried by capital ships 
and cruisers. Popular interest was focused on 
the new type by the King’s trip in one of these 
boats during his visit to Portsmouth some months 
ago, but although they have been described at 
some length in the Press their principal charac- 
teristics are still treated as confidential. The 


original “C.M.B.’s” of the war period were 
designed by J. I. Thornycroft and Co., Ltd., and 
built in three sizes—40ft., 55ft., and 70ft., the 


speeds ranging from 33 knots to 42 knots. In 
spite of their small size these vessels proved 
remarkably seaworthy and capable of maintaining 
a high speed in choppy water. The hull was of 
the stepped hydroplane type, with a chine to damp 
down the bow wave. One or two torpedoes were 
carried in troughs at the stern, the method of 
discharge being to thrust the torpedo out of the 
trough tail first, the boat then swerving aside to 
allow the torpedo a free run towards the target. 
Although this method was somewhat primitive 
it answered the purpose well enough, reasonably 
accurate practice being made under favourable 
conditions. In some of the boats one torpedo 
was removed to make room for four depth charges, 
while others were employed on occasion as mine- 
layers. The larger boats carried four Lewis guns 





and were equipped with wireless, the complement 
numbering three. As units of the Dover Patrol 
and the Harwich Force these boats performed 
useful service, and are believed to have been 
responsible for the destruction of two enemy 
destroyers. The smaller type were sometimes 
carried in davits by the Harwich cruisers, a rever- 
sion to the practice of more than fifty years ago, 
when small torpedo-boats were occasionally taken 
on board battleships with the idea of putting them 
afloat to make torpedo attacks when an enemy 
fleet was sighted. The exploits of the C.M.B.’s 
in the expeditions against Zeebrugge and Ostend 
are still fresh in memory, as is their spectacular 
achievement at Kronstadt in 1919, when they 
broke into the heavily fortified anchorage and 
fase two battleships and an armoured 
cruiser. After the war very few C.M.B.’s were 
built, and eventually they disappeared from the 
Navy List. Other navies, however, had adopted 
the type, and since 1919 Messrs. Thornycrofts 
have built a large number of these boats to foreign 
order. There has been a steady advance in speed, 
but still more in seaworthiness, as was recently 
demonstrated by the trials of a boat built for an 
Asiatic Power. Carrying her full equipment, 
including two torpedoes, depth charges, machine 
guns, and maximum fuel stowage, this vessel 
reached a speed of 48 knots over an Admiralty 
measured mile, and covered six consecutive runs 
at a mean of more than 46 knots. Later, the same 
boat travelled from the Thames to Portsmouth, 
meeting bad weather in the Channel with a strong 
north-easterly wind, rain squalls, and a rough 
sea. In spite of these adverse conditions she made 
the voyage at an average of a little over 30 knots, 
and the return journey at an average of 33 knots, 
a most creditable performance. 

The six motor torpedo-boats just added to 
the Navy were designed and built by the British 
Power Boat Company, of Hythe, Southampton. 
Alike in form and construction they differ con- 
siderably from the Thornycroft type, having been 
independently developed. The length is under- 
stood to be about 66ft. and the power plant to 
consist of three 500 H.P. motors, with multiple 
screws on each shaft. It is known that speeds 
well in excess of 40 knots have been attained, but 
the most remarkable features of these boats is 
the way they stand up to really heavy weather 
even when travelling at speed. It is claimed, 
apparently with justice, that their nautical qualities 
are superior to those of the original steam torpedo- 
boats, which were, of course, much larger. Thanks 
to their excellent sea-going qualities, great speed, 
and generous radius of action, they promise to 
play a not unimportant part in naval tactics, 
while a further recommendation is their compara- 
tively low cost—approximately £23,000 per boat 
—and the rapidity with which they can be con- 
structed. Carrying depth charges instead of 
torpedoes, they should prove very effective for 
anti-submarine work, while their multiple machine 
guns should enable them to deal on equal terms 
with aircraft, which proved the most dangerous 
opponents of the original C.M.B.’s. Having regard 
to the heavy cost of the modern destroyer, 
which averages about £300,000, there is clearly 
scope for the development of a much smaller and 
cheaper type of torpedo carrier sufficiently sea- 
worthy to take over certain duties which have 
hitherto devolved on our necessarily limited force 
of destroyers. It is therefore more than likely 
that the six boats recently commissioned will 
prove to be the nucleus of a contingent large 
enough to provide complete flotillas for our fleets 
and squadrons in home and foreign waters. For 
the present the first six boats are understood to 
be under the control of H.M.S. ‘“‘ Vernon,” the 
torpedo training establishment at Portsmouth, 
where they are being tested with a view to improv- 
ing their torpedo armament. Small motor torpedo 
craft have for long been a favourite arm of: the 
Italian Navy, which during the war period built 
them by the score under the generic designation 
of ‘‘M.A.S.” (‘‘ Motobarche Antisommergibili ”’). 
Many types were represented, the largest being 
72-footers with a speed of 33 knots, fitted with 
Isotta-Fraschini motors of 1900  H.P. These 
boats had two fixed bow torpedo tubes, but in 
the smaller types the torpedoes were carried in 
dropping gear on either beam. It was with one 
of the latter craft that Captain (now Admiral) 
Rizzo torpedoed and sank the large. Austrian 
battleship “Szent Istvan’ in the Adriatic in 
July, 1918, an exploit unique in naval annals. 
According to the British official “ Return of 
Fleets,’ Italy still possesses forty-three motor 








torpedo-boats of from 12 to 30 tons, with speeds 
varying between 24 and 40 knots. Reports to 





the effect that her latest boats are capable of 
achieving a speed of 60 knots are not yet sub- 
stantiated. France has developed a type especially 
for the defence of her Channel ports, but the 
large programme of these boats which was pro- 
jected a few years ago appears to have been 
drastically curtailed, only nine vessels appearing 
in the official list. Rated as “ torpedo vedettes,”’ 
the largest are vessels of 19 tons displacement 
with a speed of 46 knots, and are armed with two 
torpedoes. Curiously enough, the “ Return of 
Fleets’ makes no mention of Germany’s fleet 
of motor torpedo-boats, which, nevertheless, 
comprises at least fifteen units. These are sea- 
going vessels averaging 50 tons, with speeds up 
to 40 knots, armed with two regulation torpedo 
tubes mounted on the foredeck. It is understood 
that many other boats of this general type, but 
probably of improved design, are now under 
construction in Germany. 

The fact that the new British vessels are officially 
classed as motor torpedo-boats, and not as coastal 
motor boats, appears to be significant. It may 
indicate that in the Admiralty’s view the activities 
of these craft need not necessarily be restricted 
to coastal waters, but may on occasion be extended 
to the high seas. They are certainly habitable 
to a degree never approached in the high-speed 
motor boats built during the war, and in place 
of the original C.M.B. complement of three they 
are designed to carry under war conditions two 
officers and six ratings. The living spaces are 
equal in area and comfort to those in a small 
submarine. Collapsible bunks and air-filled rubber 
cushions are provided; the former are buoyant 
and therefore capable of being used as floats to 
support men in the water. The crew’s quarters 
are immediately abaft the forepeak, which is a 
combined look-out post, gun position, and boat- 
swain’s store. The internal lay-out of these small 
craft is not the least ingenious feature of the 
whole design. Although the boats have been 
in commission for a few months only, officers 
who are familiar with them speak warmly of their 
qualities, laying special stress on their behaviour 
in rough weather. They are still undergoing tests 
of a particularly severe character, the outcome 
of which will determine the Admiralty’s future 
policy in respect of the type. According to our 
information it has already been decided to build 
further boats, possibly of modified: design and 
increased tonnage. As we have previously 
remarked, modern destroyers are too expensive 
to be built in unlimited numbers. It is therefore 
most desirable that smaller and cheaper units, 
able to undertake certain of the duties now per- 
formed by the destroyer, should be evolved. For 
this reason the reappearance of the motor torpedo- 
boat in the Navy is to be welcomed, though we 
feel that there is room also for an intermediate type 
of steam destroyer, of approximately 800 tons, 
slightly larger, but otherwise similar to the 
“‘ escorteur ” class now being developed in France 
and Italy. 


Our Freedom. 


On October 22nd Mr. William Reavell resigned 
the Presidency of the British Engineers’ Asso- 
ciation and delivered the farewell address, which 
we print below. There was never a more 
painstaking chairman than Mr. Reavell; never 
one who appeared at a meeting so conversant with 
every detail on the agenda; never one who was 
more patient, more long-suffering, more tactful, 
more courteous than he. He was President of the 
B.E.A. for six years, and it is known that it was 
only by his own express wish that he was 
allowed to surrender an office in which he 
served so well that none of the members willingly 
let him leave it. His address was appropriate to 
the occasion ; the address of one who has grown 
old in faithful service, and who witnesses the 
changes which have taken place with that tolera- 
tion and placidity which are only found in those 
who have been ripened by years and who have 
learnt by experience that events will move to their 
destined end, and that all the wisest men can do 
is to prevent dangerous accelerations, soften the 
hardships of reforms, and restrain the activities 
of those who in their urgency have too little care 
for the feelings and interests of others and may 
jeopardise the peace of industry by precipitate 
action. Great 1s the reformer, but greater still is 
he who guides his people upwards by barely notice- 
able stages to the fruition of their desires. We 


suggest that it is in this spirit that Mr. Reavell’s 
address must be read. He calls it “ Our Freedom,” 





but it is, in fact, a gentle and sympathetic survey of 
the causes which have led and are leading men to 
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sacrifice their individual freedom to national 
and international needs. 

“* Freedom ”’ is as difficult to define as “ truth.” 
Robinson Crusoe on his desert island before he 
surrounded himse:f with pets and before he dis- 
covered Friday, was as free as man could be. He 
had none to consider but himself, and the only 
restraint upon his actions were those imposed by 
physical and natural laws. But as soon as he added 
parrots and goats to his household, his freedom 
was limited by the services which he owed to them. 
Still further when he made Friday his bondsman 
he robbed himself of some of his personal freedom 
because he made Friday reliant upon him. He 
became an employer of labour, and no one who 
depends upon the services of another is wholly 
free. To-day, more than ever before, it is recog- 
nised that the employer hes obligations towards 
his employees ; there is even a swing round from 
the earlier condition, and the “ master ’”’ is now 
becoming the ‘‘ hond servant,” bound to do what 
labour demands. Mr. Reavell, as an old and experi- 
enced employer, recognises this limitation of free- 
dom. “ Our present methods by which organised 
labour can,” he says, “‘ meet organised employers 
are & wise provision so as to establish an equipoise 
between their respective claims for freedom.” 
That means in reality that both sides agree to 
sacrifice some part of their freedom. The success 
of such arrangements depends wholly upon the 
conscientiousness with which the demarcations of 
liberty are observed. The unconstitutional strike, 
or such strikes as we have seen lately by members 
of unions without the sanction of their manage- 
ments, are attempts to diminish the agreed limit 
of freedom of others—of the employers in some 
cases, of other workers in others. In such cir- 
cumstances the equipoise to which Mr. Reavell 
refers is destroyed, uncertainty takes the place of 
certainty and the course of business is disturbed. 
Indeed, the strike as a means of upsetting an 
agreed balance is a weapon of such power that 
mary attempts have been made to control it by 
law, but with little or no avail. It follows that 
such measure of freedom as we can hope to enjoy 
in factory management depends more upon the 
voluntary observance of the conditions than upon 
any compulsion that can be applied. Complete 
freedom we can never have ; there will be always 
fences around the area in which we move. The 
best we can hope for is that our liberty within 





those bounds shall be perfect, and that none shall 
move our landmarks. In other words, the best 
condition for the perpetuation of freedom is the 
persistence of agreed conditions. Instability of 
any kind, be 1t in labour, in commerce, in finance, 
in economics, at once induces a condition in which 
we are no longer certain what our movements may 
be because the limits of our freedom of action are 
ill-defined. 

Mr. Reavell devoted a good deal of his address 
to what may be called international liberty, that is 
to say, to the limitations which are put upon 
international trade by tariffs, quotas, cartels, and 
similar restrictions and contracts. He claims that 
“our freedom in our home market was largely 
restored by the introduction of a tariff system.” By 
that he means that the removal of competition from 
foreign countries endowed British manufacturers 
with a better control over their home markets. But 
it should be observed that whilst it has given this 
order of freedom to the manufacturer, it has at the 
same time deprived the purchaser of the equivalent 
freedom to buy in what market he pleases. Against 
the removal of that freedom the British people 
fought for many years, and it may be said that they 
accepted tariff restrictions principally in self- 
defence against protected countries, and that they 
will be amongst the first to weleome the lowering 
of trade barriers, a dim foreshadowing of which is 
already visible. Towards the end of his address 
Mr. Reavell says: ‘In the search for freedom 
which animates all nations, ‘freedom from fear’ 
is undoubtedly one which accounts for certain 
alliances between nations which appear otherwise 
unnatural, and one is forced to the conclusion that 
freedom from fear can never be achieved by the 
nations of the earth under the selfish individuality 
by states and countries, but by exchanging that 
particular conception of freedom for a new ideal 
of mutual agreement.” No one who has given 
thought to the real dangers which result from the 
selfish individualism of nations will question these 
words for a moment. In seeking for their own 
“ freedom,” all nations are restraining the freedom 
of others, and provoking a sinister condition in 
international affairs. The continuance of the peace 
of the world depends upon the development of 
schemes and agreements which will leave an equit- 
able measure of freedom to all nations, not only 
within their own boundaries, but in their relation- 
ships with one another. 








Our Freedom and its Limitations.’ 


By WILLIAM REAVELL. 


T is, 1 am sure, an open secret that I have reached 

. to-day the end of my presidency of this Associa- 
tion. I have had: the responsibility and honour of 
acting as President for six years, and during that 
period I have noted with satisfaction the increasing 
importance which this Association has attained 
amongst engineers, also the recognition of its useful- 
ness by Government Departments, and by the 
technical Press. ; 

I must add that during this long period I have 
myself learned a good deal more of the complexities 
of those modern conditions under which our com- 
mercial engineering work must be carried out, and 
the part which the British Engineers’ Association is 
able to play in assisting its members to deal with them. 

The title I have chosen for this address, ‘‘ Our 
Freedom,” though that freedom has many limita- 
tions, is not ironic, for the freedom we enjoy under 
the ordered Government of this country is still the 
envy of the world, and, however much that govern- 
ment may be criticised, it is one which few of its 
citizens would exchange for life under other forms of 
government. 

I have looked for a dictionary definition of 
“Freedom,” and find it is given as—‘‘ The quality 
or state of being free ; the exemption from necessity 
in choice or action”; but freedom to that extent is 
not to be expected or even desired, in view of the 
complexity of life and the conflict of different interests 
which must exist in any democratic state. 

I do not propose to deal with my subject by 
quoting statistics and figures, but rather by a con- 
sideration of the motives which guide us and the 
enthusiasms which inspire us in conducting our engi- 
neering affairs. 

Looking backwards over a long engineering life, 
and remembering the individualistic views with 
which, as young men, most of us commenced our 
engineering career, we have all been consciously or 
unconsciously influenced by the changes which 
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have taken place in the evolution of our own govern- 
ment, and in the aspirations of all grades of society 
forming our national life, as also in the repercussions 
due to the activities of other nations, which all 
tend to limit freedom in the sense of its dictionary 
definition. 

In the design of the multifarions machines we 
make our freedom is only bounded by obedience to 
physical laws, by our knowledge of science, and of 
the properties of the materials which we use. Apart 
from this, no man-made laws and no political restric- 
tions, national and international, restrain the activity 
of our brains. 

When we come to the construction of the machines 
we design we meet with limitations to our freedom 
which must be governed by the growing claims of 
our workers, skilled and unskilled, who rightly 
wish to reap the fullest reward for the services 
they render. 

Those of us who began our engineering career by 
working a three-shift day, beginning at 6 o’clock in 
the morning, have welcomed the reduction of hours 
which has gradually been accomplished since, and 
also the improvements in the conditions of labour. 
It was only natural that the conditions of labour 
in the Victorian era should have stimulated labour 
to organise itself into unions so that the rights of 
labour to a square deal could be more effectively 
pressed ; in other words, the freedom of the employer 
to do as he wished in order to reduce the cost of 
manufacture and to increase his sales was met by 
the claims for freedom of the workers. 

Our present methods by which organised labour 
can, through its spokesmen, meet organised 
employers, are @ wise provision so as to establish 
an equipoise between their respective claims for 
freedom, and although the extreme demands to-day 
tend to become the accepted rules of to-morrow, the 
present method of agreed give and take arrived at 
round a council table is the best way to determine 
the bounds .of freedom between employer and 
employee. 

There are, and always will be, hot heads on both 





sides, and the leaders of labour have their own real 
difficulties, as we see to-day when our traffic in 
London is suddenly stopped because some of the rank 
and file, in applying their ideas of freedom, break 
rank with their leaders, but, happily, are led very 
quickly to see that their strength can only be in union. 

Another recent illustration was that of the Bedwas 
Colliery in Wales, where a certain group of colliery 
owners agreed with their men that the Industrial 
Union to which most of the men belonged should be 
the recognised union for their employees. Jealousy 
between that organisation and the Miners’ Federation 
led to a threatened stoppage throughout the Welsh 
coalfields, and as this is still in process of solution | 
only use the illustration to show that the working out 
of freedom on the side of labour has its own problems 
also. We find another illustration in France, where 
a Government of the Left declares for a still shorter 
day, for holidays with pay, and, at the same time, an 
increase in the hourly wags. The employers, fearful 
of the consequences in respect of the cost of their 
finished products, obtained an undertaking from the 
Government that in the event of financial difficulties 
arising the State would come to their assistance. The 
natural play of economic laws resulted in an increase 
in the price of products, and a reduction in sales, 
while Labour found that its cost of living was 
increasing and demanded still higher wages to allow 
for this. 

These, of course, are political issues, but they 
illustrate my point that neither Labour nor any other 
section of society in an ordered state can have 
absolute freedom. 

Our freedom is still further circumscribed when we 
come to the disposal of the goods we manufacture. 
At the beginning of my presidency of this Association 
our liberty to sell abroad was limited by the tariff 
laws of other countries, and we had no weapon other 
than the favoured nation clause to enable us to deal 
with the situation, and that particular weapon was of 
very little value. 

At the same time, our capacity to manufacture 
cheaply enough to sell abroad was becoming more and 
more adversely affected by the reduction in the volume 
of our home manufactures. The reason of this, of 
course, was that under our system of free imports 
foreign manufacturing countries were underselling 
us in our own home market in many classes of pro- 
ducts, beginning with iron and steel and all kinds of 
machinery, and extending over a range of other goods 
in which we, as engineers, were not so directly inte- 
rested. This increasing importation was steadily 
reducing the output of our engineering factories, and 
by increasing the percentage of our overhead costs, 
because of that reduced output, still further preju- 
diced our chances of export with any margin of profit. 

Our Continental competitors in our home market, 
with lower costs of labour and longer hours of work, 
were able, under these conditions, to increase con- 
tinuously their imports to us. 

Our freedom in our home market was largely 
restored by the introduction of a tariff system based 
on the investigations of an independent Tariff 
Advisory Committee, a system which is now recog- 
nised as much superior in principle to the initiation 
and promulgation of tariffs by Parliament itself. 
Our trade within the Empire was studied and partly 
dealt with at the Ottawa Conference, where efforts 
were made to reconcile the freedom of our great 
Dominions with the claims for preference by Great 
Britain as the Mother Country, and as the purchaser 
of so large a proportion of our Dominion products. 
Subsequent legislation in some of the Dominions has 
still further improved this position, though from the 
point of view of the home manufacturer a great deal 
still remains to be done. 

This is eminently a case where the limitation of 
freedom has yet to be worked out to a just equilibrium. 

Our freedom in international trade was found to 
be seriously limited by our adherence to the gold 
standard, and the adoption by this country of a 
sterling basis without a definite link to gold increased 
our freedom in some respects in international trading. 

With the object of mutually considering what 
steps could be taken to free the channels of trade a 
World Economic Conference was summoned in 
London, but the atmosphere of the Conference was 
adversely affected by the fact that just prior to its 
meeting America left the gold standard. It appeared 
to be a deliberate act, and not one which was forced 
upon her by external circumstances, as in the case of 
Great Britain. 

When the Economic Conference actually met we 
therefore had the position that France and other 
countries were determined to remain anchored to 
gold, possibly because of their earlier experience of the 
consequences of severe inflation, while, on the other 
hand, America had initiated a policy of reflation. It 
is a matter of history now that this Economic Con- 
ference was abortive. 

On the Continent of Europe the position then 
became one in which the gold standard was still main- 
tained in France, Holland, Belgium, and Switzerland, 
while the Scandinavian countries in their desire for 
greater freedom of trade linked themselves with the 
sterling basis. 

The establishment in Italy of a dictatorship had 
already taken place and later, under Hitler, Germany 
adopted what was in essence the same principle. — 

Germany, and some other countries, in their anxiety 
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to retain some freedom in exports, particularly in 
view of the adoption of tarifis by this country, pro- 
ceeded by way of subsidies given by the State to 
increase their exports, and by the adoption of quotas 
to limit and control the entry of foreign goods; in 
other words, nations were fighting for independent 
control of their fiscal reseurces, regardless of other 
tival monetary systems, which led the nations to arm 
themselves with fiscal and restrictive measures 
against the importation of goods. 

In consequence we find our international trading 
still further restricted by delayed terms of payment 
being demanded, and, in cases where contracts have 
been accepted and machinery has been delivered, by 
foreign countries finding themselves in the position 
to be unable to obtain sterling to pay for the goods. 
As a result we have cases, of which Italy and Spain 
are examples, where our manufacturers have to put 
their names on a waiting list, as it were, and have to 
be content to wait for payments until these countries, 
by the sale of their own commodities to England, are 
able to acquire sterling to pay off some of their 
creditors on this waiting list. 

Our freedom of trade due to restriction of credit 
has even been affected to the extent that nations in 
some cases are adopting trade by barter through 
manufacturers in other countries being encouraged 
by their Governments to take orders for machinery 
which shall be paid for by the importation from the 
purchasing country of agricultural products, such, 
for example, as coffee and wool. 

The latest phase on the Continent has been that 
owing to falling trade and the financial difficulties 
inherent thereto, France has at last been compelled 
to give up the gold standard, and that action has 
caused Belgium, Holland, and Switzerland to take 
the same course. This country and France are to 
be complimented on the promptness by which, 
together with the United States of America, they 
agreed to a temporary common control of sterling, 
the franc, and the dollar, with a view of affording 
some stabilisation of financial conditions between the 
three countries concerned. ; 

These, therefore, are further illustrations of my 
thesis on freedom, and show that national freedom 
in currency leads to difficulties, which indicate 
that a collective common basis is necessary for the 
improvement of international trade, and that 
co-ordination and collaboration between the nations 
is proving essential as compared with national 
independence or freedom in currency. 

Another question which has forged its way to the 
front recently has been the demand for freedom 
of access to raw materials. This may appear to many 
to be part of the colonial aspirations of certain 
countries, which is an entirely political point outside 
this review. On the question of access to raw mate- 
rials, it is clear that a good deal of loose thinking 
prevails, and, as stated by Mr. W. 8. Morrison, the 
Financial Secretary of the Treasury, when speaking 
at Geneva, ‘‘ the bulk of the world’s raw materials 
comes not from the colonies, but from the territory 
of sovereign states—the United States of America, 
Canada, Russia, and so forth. Probably the only 
exclusively colonial raw materials are rubber and tin.” 

The difficulty, in any case, is not to have access 
to these raw materials, for the purchasers are only 
too glad to sell, but to find the necessary foreign 
exchange to pay for them. In this respect the 
realignment of currencies should prove of direct 
help, and it is difficult to believe that any manufactur- 
ing nation really suffers in its freedom from the 
difficulty of obtaining raw materials unless that 
nation’s objective is war and not the prosecution of 
its peaceful pursuits. 

I may say parenthetically in regard to all these 
issues that a living proof of our recognition of their 
importance is afforded by the very fact that I am 
now addressing members and guests of the British 
Engineers’ Association, which came into existence 
to promote and protect the collective interests of 
engineering firms who had found by costly experience 
that individually they could not deal effectively 
with many matters of vital importance to all of them. 

In the search for freedom which animates all 
nations, “‘ freedom from fear” is undoubtedly one 
which accounts for certain alliances between nations 
which appear otherwise unnatural, and one is forced 
to the conclusion that freedom from fear can never 
be achieved by the nations of the earth under the 
system of selfish individuality by states and countries, 
but by exchanging that particular conception of 
freedom for a new ideal of mutual agreement. 

The cynic would say that “ the lion will never lie 
down with the lamb,” but that does not prevent 
every lover of his country and of universal progress 
from working towards a better and more unselfish 
end, for it is assuredly true that just as we read 
in Holy Writ that ‘‘ no man liveth to himself and no 
man dieth to himself,” so is it equally true that 
no nation can live to itself and no nation can die 
to itself. 

In the welter of conflicting issues, both political 
and economic, with which we are faced to-day, one 
often wonders what will be the outcome for this 
great country of ours as a manufacturing nation. 
In regard to this, and in spite of all, I still retain 
the optimism with which most of us began our 
working lives, and I still believe in the creative 


that we can retain our high place amongst the 
manufacturing countries of the world by the stimula- 
tion and development of that genius; by taking 
prompt advantage, and I think we do, of all scientific 
developments ; and of the results of our continued 
research, which is constantly giving us improved 
materials and a knowledge of how to use them. 








Reseatch into Special Steels. 





A CONFERENCE was held at Connaught Rooms, Great 
Queen-street, London, on Thursday, October 22nd, 
1936, to discuss the future position of the research 
into steels which was begun as the result of a similar 
Conference called by the British Electrical and Allied 
Industries Research Association three years ago. Sir 
Harold Hartley presided. Opening the proceedings, he 
said: ‘‘ That this problem which we are going to discuss 
this afternoon is perhaps the most serious limit in the way 
of materials which the engineer has to meet to-day when 
he wants to go on to higher pressures and higher tempera- 
tures to take advantage of the superior thermodynamic 
properties of substances under these conditions.” He 
then sketched the history of the investigations on steels 
for use with high temperatures and high pressures which 
have been sponsored by the Electrical Research Associa- 
tion, and noted that the research on high-pressure steam 
started by Professor Callender and now being continued by 
Professor Egerton—and we also have had assistance from 
the Department of Scientific and Industrial. Research— 
which started its three-year programme with an income of 
about £3400. Continuing, he said that when the work 
started engineers were getting very near to the limits of 
the properties of materials under the very strenuous con- 
ditions imposed, and therefore it was of the greatest 
importance that the work should continue. He wondered 
whether enough attention had been paid to the more 
fundamental aspects of the work, because, after all, if 
the factors which determine the behaviour of those 
materials could be determined, steel makers would have 
a much greater degree of control than they can get by 
ad hoc experiments. That side of the work was being 
cared for at the National Physical Laboratory under the 
Committee of the Department of Scientific and Industrial 
Research, but he was sure that side by side with the direct 
work that was being done opportunity should be found for 
getting at the fundamental factors which give absolute 
control and which one has seen in so many cases pay well 
in the long run. In conclusion he said: ‘‘ Whenever I 
talk to engineers about these problems they say that 
research work is apt to be too slow. One of the most 
effective ways of hastening it, instead of spreading the 
money over a long period, is to spend it much more 
quickly and in that way get what represents interest on 
your money much sooner.” 

Sir Leonard Pearce, speaking more particularly from the 
angle of the power supply interests in this country, 
emphasised the vital importance of research work in con- 
nection with the efficiency and operation of high-pressure 
steam power plants. Ten years ago pressures of 250 lb. 
per square inch and temperatures round about 650 deg. 
Fah. were more or less the order of the day, but now 
pressures of 600 1b. and temperatures in the neighbour- 
hood of 800 deg. Fah. were used. In some instances much 
higher values had been adopted, and in one notable case 
in America there was a plant operating with an initial 
temperature of 1000 deg. Fah. The result of that pro- 
gressive development in the operating steam cycle was 
shown by the following figures :—In 1925 the highest 
thermal efficiency of any power station in this country 
was 19-85 per cent.; in 1935 it had risen to 28-59 per 
cent., an improvement of no less than 44 per cent. For 
the coal consumption per unit generated, in 1925 the 
lowest figure was 1-51 lb., with an average of 2-53 lIb., 
but in 1935 the lowest figure was 0-96 lb., with an average 
of 1-54 lb., again revealing a decrease of some 40 per cent. 
If we had to generate the estimated output for the present 
year of 20,000 million units at the coal consumption which 
obtained ten years ago, our coal bill for this year com- 
puted at present prices of coal would be increased by 
£775,000 per annum over 1925. This is a very big figure. 
In the three years since the last Conference, the decrease 
in coal consumption was of the order of 11} per cent. 
Those responsible for the generation of electricity in this 
country were ready and anxious to take advantage of 
any further improvements in the properties of materials 
which the steel makers and the metallurgists could give, 
but it was equally true that before advantage could be 
taken of an improved heat cycle, more must be known 
about the behaviour of materials, particularly at high 
temperatures. There was, he said, a most definite rela- 
tionship between pressures and temperatures which illus- 
trated the necessity and urgent need for obtaining 
materials which would satisfactorily withstand high tem- 
peratures as well as high pressures. That was a direction 
in which engineers who are charged with the task of 
operating modern base load stations must of necessity 
direct their attention in the future, and it was an effort 
well worth while, for the improvement to the cycle effi- 
ciency was about 7 to 7} per cent. for every 100 deg. Fah. 
increase in initial steam temperature above the first 
800 deg. Fah. The object of the power station designer 
was not only to produce electricity at the lowest possible 
cost, but great emphasis must be laid on the fact that con- 
tinuity of supply was of paramount importance. It 
therefore followed that the operating service conditions 
adopted must necessarily allow for some margin above the 
safe values established in research laboratories, and that 
aspect of the matter appeared to call for the closest colla- 
boration between the investigators and users with a view 
to putting to the practical test of service conditions the 
results established in the laboratories. 

There could be little doubt that those interests with 
which he was concerned would wish to see the research 
not only extended for a further period, but, if possible, 
amplified so that their knowledge of the materials required 
for power station service may not be limited in practice. 





per square inch and as high as 1900 lb. per square inch, 
with steam temperatures going up to 950 deg. Fah., 
not even excluding the possibility of repeating the 1000 deg. 
Fah which had been reached in the United States by the 
Detroit-Edison Company at the Delray power station 
with plant manufactured entirely at the British Thomson- 
Houston Company’s works at Rugby. 

Coneluding his address, Sir Leonard asked that the 
research into problems associated with intercrystalline crack- 
ing under elevated temperature conditions be accelerated ; 
and that the influence of spheroidisation and the correc- 
tive effects of alloying elements and heat treatment be 
studied. Another important matter was the correlation 
of test results with their practical application, taking 
into account cycles of heating and cooling, fluctuation 
of working temperatures, intermittent service and corro- 
sion in the media in which the material serves, whether 
it was steam or flue gases. Finally, there were the problems 
of oxidation, embrittlement and ordinary thermal growth, 
which were important aspects intrinsically associated 
with high-temperature work. 

Mr. A. J. Grant (Thos. Firth and John Brown, Ltd.) 
said that anyone who had followed the work of that 
Committee from its inception up to the present time 
could not fail to have been impressed with the value of 
the work. In 1933, when the last Conference took place, 
steel makers were all in rather a bad way, and many had 
to look round and see what subscriptions and what 
expenses generally could be cut down. In his own concern 
the subscription to the work was very reluctantly halved, 
but he now proposed to put it back where it was. 
He would do his best to get his colleagues in Sheffield 
to take the same view. The possibility of the con- 
struction of the internal combustion turbine depended 
entirely on the provision of suitable materials, whilst 
turbine blading and turbine drums and things of that sort 
depended very largely on the work which was being done 
by the firms engaged in the manufacture of special steels. 
Instead of each of them trying to work on its own and 
overlapping in its research work, there was the great value 
of the co-operative work being carried out by the Com- 
mittee and the elimination of jealousies between the 
different concerns. 

Dr. W. H. Hatfield, F.R.S. (Thos. Firth and John 
Brown, Ltd.), thought the research should be supported 
with all the means at the disposal of steel firms. He 
suggested that the £3400 a year should become £5000 a 
year. That was practically a 50 per cent. increase. Then, 
what direction was the work to take’? Taking all the 
data available as the result of the researches of that Com- 
mittee and other bodies and institutions and private 
laboratories as regards materials for use up to 550 deg. 
Cent., it was possible to say what the rate of creep wasr of 
a given steel at a given temperature, and at a postulated 
temperature. But what the designing engineer wanted to 
know was what was the safe limit of stress and rate of 
creep, because the rate of creep and the safe range of 
stress were different values. He submitted that a great 
deal of the resources that were available should be con- 
centrated on exploring and further determining the safe 
range of stress as distinct from a specific rate of creep. 
He was absolutely in agreement with the suggestion that 
the work of the Committee should proceed and at an 
increased rate. 

Mr. W. D. Heck (Lloyd’s Register of Shipping) said that 
at Lloyd’s Register the work of the Committee had been 
most valuable. There was one point which appealed to 
him personally very strongly for the reason that during the 
course of his experience he was responsible for the routine 
testing of materials. He looked with very great interest 
on the results of the experiments on the various classes 
of steel and asked himself whether he could ensure that 
charge No. 999 will have the same qualities as charge 
No. 199, i.e., whether it will be a material which will give 
precisely the same results in practice. In other words, 
what were the acceptance tests to be? So far as he had 
been able to gather, the essentials were a highly accurate 
chemical analysis and a very complete control of the heat 
treatment, together with what might be called a check 
test consisting of a short-time creep test over a day or two. 
He wondered whether those who were more intimately 
acquainted with steel manufacture would regard that as 
constituting a proper system of routine testing and 
inspection. He wondered whether that research could 
not embody some inquiry as to a short-time test which, 
for different classes of material, would ensure that the 
properties of the materials were essentially the same as 
revealed by the long-time test which was more common. 

Mr. Guy (Metropolitan-Vickers Electrical Company, 
Ltd.), speaking on behalf of the turbine constructors who 
had contributed to the financial support of the research, 
said that they were not only quite satisfied with their 
investment and with the way in which the work had been 
carried out, but were extremely anxious that it should be 
not only pursued but accelerated. He welcomed the 
suggestion by Dr. Hatfield that the income should be 
increased from £3400 to £5000 a year. 

Admiral W. M. Whayman (Institution of Naval Archi- 
tects) said that naval architects and engineers were not 
always able to accept the various alloy steels at their value 
because of the difficulty of determining whether the output 
from the steel makers was always equally thoroughly 
reliable as compared with the qualities which had been 
demonstrated in the laboratory as a result of the work of 
the Research Committee. The value of that work as far 
as the users understood it was enormous, but the user was 
still left with a little anxiety as to whether when he puts 
it into practice he really got the same material. He was 
still firmly of the opinion that the research work should 
go on. 

Dr. C. H. Desch (National Physical Laboratory) said 
he had been very greatly interested in what the speakers 
had said and he assured them that the points which had 
been raised would receive the very careful attention of the 
Committee when it next met. The Committee was being 
pressed to carry out further work on the behaviour of 
materials under working stresses or stresses very near to 
working stresses instead of the higher stresses which had 
been used previously in tests. That involved the erection 
of further units of very high sensitivity. Naturally, the 
lower the stresses the smaller the amount of total deforma- 
tion and therefore the more sensitive must be the instru- 
ments used in m i The number of creep units of 





He envisaged the possibility of pressures in power stations 





genius with which this country is endowed. I believe 





in this country ranging in the future between 1300 lb. 





high sensitivity available was very small, and if the work 
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was to be accelerated it would be necessary to increase 
the number of units. The very thorny question of devising 
acceptance tests based on research work was, of course, 
one that was before the Committee and had to be con- 
sidered very carefully indeed. It was a difficult problem 
and he understood the importance which users attach to it. 
There was a continual tendency to increase working 
temperatures and therefore the study of the oxidation of 
steels by superheated steam assumed greater importance as 
the working temperature was raised. That work was being 
pressed on with. During the past year much of the atten- 
tion had been devoted to the influence of certain alloying 
metals in small quantities in the steels already used. It 
had been found in some cases that increased stresses were 
obtainable at high temperatures, but the liability to inter- 
crystalline cracking, which had been proved to be impor- 
tant, increased. On the other hand, it was possible to 
lessen that liability to intercrystalline cracking by the 
addition of other elements, and it would become an 
important problem to balance one element against another 
to secure the best products. Those were some of the lines 
on which the work seemed likely to proceed in the near 
future. 

Mr. W. B. Woodhouse (Yorkshire Electric Power Com- 





pany) said that engineers engaged in the supply industry 
were deeply concerned to get those further improvements 
in thermal efficiency, but as temperatures increased they 
were always, as operating engineers, left with the feeling 
that they were on the border line of knowledge. It was 
found that after a few years’ use of a particular material 
it did not behave quite according to specification, and 
greater knowledge was wanted so that they might go to 
higher temperatures with greater confidence. The ques- 
tions of creep, corrosion, and the action of steam and water 
at these high temperatures all wanted looking into, and 
as an industry electricity supply engineers would most 
heartily support the work of the Committee. He thought 
that the increase suggested by Dr. Hatfield was indeed a 
very modest one and endorsed what Sir Leonard Pearce 
had said to the effect that the electricity supply industry 
could be relied upon to support it, not only to the figure 
named, but to a considerably greater one if it be 
necessary. 

Sir William Larke (British Iron and Steel Federation), 
closing the Conference, noted that every speaker had 
supported the continuance of the research and had also 
supported increasing the financial resources of the 
Committee. 








Electric Control of 


the Kincardine-on- 


Forth Bridge. 


E Kincardine-on-Forth bridge, opened to traffic 

on Thursday, October 29th, was described in articles 
appearing in our issues of February 2lst and 28th, and 
August 14th and 21st of this year, but those articles were 
devoted more particularly to the civil engineering work 
and contained no account of the electrical control equip- 
ment for the swing span, which rotates about a central 
pivot in a clockwise or anti-clockwise direction. The 
driving mechanism, which, together with main and 
standby power plant, pumping equipment, &c., is installed 
in @ machinery room situated between the roadway and 
the drum girder, consists of two 50 H.P. motors, each 
driving a pinion engaging with a stationary rack bolted 
to the fixed portion of the centre pier. From the control 
cabin, 30ft. above the roadway, in the centre of the swing 
span, the driving mechanism and the sequence of events 
in operating the bridge are controlled. 

In designing the operating and control equipment for 
the span, it was necessary to provide for accurate align- 
ment and levelling when moving the span into the 
“through road’”’ position, involving sensitive equipment 
for controlling the motion of the span and means of 
indicating to the operator when the span is in accurate 
alignment. It was also necessary to provide automatic 
warning devices for shipping, road traffic and pedestrians, 
and protective devices, interlocks, and standby equip- 
ment for use in the case of failure of the electricity supply. 

The span is accurately aligned by photo-electric cell 
equipment working in conjunction with automatic indicat- 
ing devices, and it is believed that this is the first applica- 
tion of such a scheme to bridge control. A target sighting 


LIGHTING 





are levelled with the abutment road surface and are 
adequately supported by the abutments when in the 
“through road ”’ position. 

Signals for warning shipping and traffic that operation 
of the swing span is about to occur or has been completed 
eomprise traffic lights and separate pedestrian lights 
mounted at each abutment; warning bells for traffic ; 
@ raising and lowering gate at each abutment, to cut off 
all road traffic; a syren on top of the centre panel of 
the swing span to warn shipping, and two semaphores 
at each end of the jetty for signalling to shipping, the 
jetty protecting the span when in the open position for 
navigation. Once the sequence of operations involved 
in moving the swing span has been started by the operator, 
the signals are given automatically. 

An 80-kW Ward Leonard motor generator set in the 
machinery room supplies the 50 H.P. driving motors with 
D.C. The machinery room also contains an oil engine driving 
a 25-kW alternator and a 27-kW D.C. generator for use 
in the event of the supply from the shore failing ; elec- 
trically driven air compressors for charging the starting 
bottles of the oil engine, and a 25 H.P. motor-driven pump 
supplying oil under pressure for operating the bolts 
locking the swing span in position, and the wedges which 
lift the ends of the span level with the abutments. A 
wiring diagram for the equipment in the machinery room 
is given in Fig. 1. 

As the machinery and control rooms move with the 
swing span and are supplied with power from the shore, 
and as much of the lighting and signalling apparatus, 
&c., is installed on fixed positions, but controlled from 





Fig. 2) sixty rings are mounted, the whole being enclosed 
in a sheet steel casing. The withdrawal of the door bolt 
on the casing automatically trips the main circuit breaker, 
and access can therefore only be obtained to the collector 
gear when it is ‘‘ dead.” 

For controlling the main supply a remote-controlled 
motor-operated oil circuit breaker, opened and closed 
from the control cabin, is installed on the shore. From 
this circuit breaker the power is brought to the collector 
gear vid a Pirelli General submarine cable. In the event 
of the main supply failing the swing span may be moved 
at half-speed by connecting the two driving motors in 
series and supplying them with current from the standby 
oil engine driven generator, which also drives the alter- 
nator for emergency bridge lighting. 

The bolts and wedges at each end of the span (see Fig. 3) 


Fic. 2—S.LiIP- RING COLUMN 


are operated by double-acting hydraulic cylinders con- 
nected to the electrically driven pumps and control 
valves in the machinery room, and operated from the 
control cabin. As it is essential that the four wedges 
should be inserted and withdrawn simultaneously and 
that their position should be accurately known by the 
operator, each wedge is coupled through screw gearing 
to a weatherproof potentiometer regulator acting in 
conjunction with synchronising gear. The bolts are also 
synchronised and in emergency the bolts and wedges 
can be operated by a hand pump in the machinery room. 
Indicators mounted on the slip-ring gear casing show the 
position of the bolts and wedges for the guidance of the 
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Fic. 1—GENERAL WIRING DIAGRAM OF EQUIPMENT IN MACHINERY ROOM 


arrangement is also installed as a standby. When the 
span is in the “ through road” position it is locked by 
hydraulically operated bolts, electrically controlled 
from the operator’s cabin, while hydraulically operated 
wedges, similarly controlled, ensure that the ends of the 
span, which deflect to a certain degree in the open position, 


the moving span, provision had to be made for sliding 
connections. Incoming supply and outgoing control 
cables are brought to a slip-ring column im the centre 
of the machinery room, where it is bolted to the fixed 
pivot round which the span rotates, while the brush gear 
rotates with the swing span. On this column (shown in 


person operating the pump. The diagram, Fig. 4, shows 
the main power circuit. 

All the G.E.C. equipment so far described is operated 
from the control cabin, in which there is a main switch- 
board and an operator’s desk from which the switchboard 
is governed. The main switchboard is divided into three 
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sections carrying various relays, switches, and contactors. 
The first section, Fig. 5, controls the Ward Leonard set 
and carries contactors and isolating switches for lighting, 
heating, and other auxiliary circuits, while the second 
section, Fig. 6, controls the main and standby generators, 
accelerating and slow-down relays for the turning opera- 
tions. The third section, Fig. 7, comprises traffic gate and 
pump motor panels, wedge and bolt-synchronising gear, 
and relay panels associated with the turning gear. 

The operator’s desk—-Fig. 8—is the nerve centre of the 
installation, which is controlled from this point. On this 
desk are mounted the main control hand wheel, various 


lighting up of various indicating lamps, each bearing in 
illuminated letters the operation to which it refers. 

Care has been taken to ensure proper protection of the 
equipment in the cabin, as well as the comfort of the 
operators in charge of the bridge. The total staff con- 
sists of three skilled operators and three assistants, each 
working an eight-hour shift. For heating the control 
cabin there are three thermostatically controlled 4-kW 
heaters of the non-luminous type near the contactor 
panels. A separate mess room with an electrically 
heated water supply, cooker, &c., is provided. 

Limitations of space will not allow us to deal with the 
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Fic. 3—-END VIEW 


master switches, push buttons, and thirty-seven indicating 
lamps. In the centre above the control hand wheel is 
an 18in. position-indicating dial, which shows the operator 
the position of the swing span at any point of its travel 
through 90 deg. It is driven by one of the bridge-turning 
motors through the medium of a pair of “‘ Twyntorg ” 
machines. On each side of this dial are three smaller 
indicators showing the position of the two bolts and four 
wedges. 

The operator’s control over the sequence of operations, 
which occur automatically in the course of opening or 








OF SWING SPAN] 


opening and closing of the span in detail, but reference 
should be made to the wedge and bolt synchronising gear. 
In the case of the wedges synchronising is very necessary 
as any marked difference is liable to strain the span struc- 
ture. In addition to the provision of limit switches 
at either end, each wedge drives a weatherproof potentio- 
meter regulator through a nut and screw gear, and one 
regulator at each end of the bridge has two independent 
face plates, which are needed to effect a tie between the 
wedges at the two ends of the bridge span. Duplicate 
travel indicators are ins in the machinery room 





closing the swing span, is effected solely through the main 


and on the control desk, and consist of voltmeters con- 
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Fic. 4—MAIN POWER CIRCUIT 


hand wheel. When it is moved in either direction an 
impulse is transmitted to one of the two pilot motors 
driving the main drum controller mounted inside the 
desk, thus causing the drum to move and follow the hand 
wheel. The motion of the drum is, however, automatically 
held up from time to time to await the completion of each 
operation, and is finally arrested when the drum position 
corresponds with the hand wheel position. Motion of the 
hand wheel is restricted to any one quadrant, unless the 
bridge position corresponds with the hand wheel position, 
when it is free to move 90 deg. in either direction. The 
progress of the sequence of operations is shown by the 














nected between one end of each potentiometer and its 
moving arm. Between the moving arms of each pair of 
potentiometers a polarised relay with two contacts is 
connected. 

As long as the two contact arms ere connected to corre- 
sponding points on their resistances—i.e., as long as the 
two wedges concerned are in step—these relays remain 
in the neutral position, but a difference of 2}in. in their 
position is sufficient to deflect the relays one way or the 
other. The deflection of any relay due to the lag of a 
defective wedge energises a timing relay and at the same 


put out of operation by the raising of their suction valves. 
At the same time an indicating iamp showing which of 
the wedges is out of step is illuminated at the control desk 
in the machinery room. Pumping then continues to the 
defective cylinder for 30 sec., and if during this period 
the defective wedge overtakes the sound wedges, the 
polarised relay opens and pumping is resumed to all 
cylinders. 

Simultaneously the lamp indicating which wedge is 
out of step is extinguished. But if the defective wedge 
fails to come into step during the 30 sec., all the pumps are 
shut down and can only be restarted by pressing a reset 
button. It is then necessary for the operator to remedy 
the defect or if it be a minor one to use the emergency 
hand pump in the machinery room to complete the 
operation. 

It will be realised that while the position indicating 
dial on the control desk gives a sufficiently accurate 
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Fic. 5—-SWITCHBOARD CONTROLLING WARD - 
LEONARD SET 


indication of the position of the bridge for all ordinary 
purposes, it is impossible for it to show a misalignment of 
a few inches, although such a misalignment would be too 
great to allow the bolts and wedges to be shot. In bad 
weather any direct visual method of alignment would, of 
course, be impossible. Two independent aligning systems 
have therefore been installed, one which relies on the use 
of photo-electric cells and the other on a target light 
sighting principle. The photo-electric cell equipment is 
shown in Figs. 9 and 10. It comprises two metal lamp 
boxes providing fixed and unvarying sources of light and 
@ similar box containing three photo-electric cells and 
aroplifiers. 

The lamp boxes are mounted on each abutment below 
road level, while a photo-electric cell box is mounted on 











FiG. 6—-SWITCHBOARD CONTROLLING GENERATORS 


one end of the swing span, and at the same level as the 
lamp boxes, so that as the span closes the photo-electric 
cell box passes directly across and close to either one of 
the lamp boxes. 

An end view of the swing span showing the photo cell 
box is given in Fig. 3, and a view of one of the abutments, 
on which a lamp box is mounted, in Fig. 11. The photo- 
electric cell equipments are connected to indicating Jamps 
on the control desk, just underneath the main position 
indicator, and also to two single-stroke bells. Each lamp 
box has three large apertures along its lower edge. Behind 
each of these apertures are three electric lamps, L1, L2, 
and L3, Fig. 12, while a fourth and narrow slot aperture 


just about the centre large aperture is illuminated by a 


single lamp L4. The photo-electric cell box has three 





time causes the pumps supplying the sound wedges to be 





small slots cut in the face plate, two of which are at the 





468 


THE “ENGINEER 


Oct. 30, 1936 








same level as the three large apertures in the lamp box, 
but placed slightly wider apart, while the third is placed 
centrally at the same level as the narrow slot aperture in 
the lamp box. 

As the end of the swing span approaches its alignment 


A slight overshoot of the will bring the photo- 
electric cell Pl directly opposite the lamp aperture LI, 
which will light the other outer indicating lamp on the 
control board and cause the other bell to ring. The 
slightest deviation of the central photo-electric cell P2 to 











FiG. 7—SWITCHBOARD CONTROLLING TRAFFIC 
GATES, ETc. 


position the first photo-electric cell P3 passes across the 
light projected from the large lamp aperture Ll. This 
ray of light actuates the cell, causing it to operate a relay 





which lights the left or right-hand lamp of the three 
mounted on the control desk, and at the same time a bell 
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FiG. 8—-OPERATOR’S DESK 


gives a single warning stroke. As the span continues its 
approach to the central position the same photo-electric 
cell P3 passes across the other two apertures L2 and L3 
and each time the same lamp is caused to light in the 
control room and the same bell to ring, thus giving a total 
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FiG. 10—-PHOTO-ELECTRIC CELL Box 


of three distinct and sound warning signals. Immediately 
after the photo-electric P3 cell passes the lamp 
aperture L3 the higher photo-electric cell P2 moves 
directly opposite the narrow slot L4, thereby causing the 
centre lamp on the control desk to light up, indicating that 
the span is in accurate alignment. 
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Fic. 11—BRIDGE ABUTMENTS 


either side of the narrow slot L4 causes the central indi- 
cating lamp on the control desk to be extinguished, but 
as long as this lamp is alight the bolts and wedges can be 
closed with safety. . 

In addition to indicating the central position of the 
bridge, the photo-electric cell equipment also de-energises 
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the turning motors, but in order to bring the span accu- 
rately into the central position the operator makes use of 
creeping speed push buttons mounted on the control 
desk. An additional button gives an additional torque 
when inching if the conditions make it necessary. As 
before, the sequence is held up pending the working of the 
photo-electric cell gear. Failure of the latter would there- 
fore hold up further operation of the bridge even if the 
span were centred visually, but by means of a push button 


FIXED ABUTMENT 


Gt 


L2 














L3 
om. 






































03 


orn 


ee 
OIRECTION OF MOTION 


Swaim Si 


Fic. 12—PHOTO-ELECTRIC CELL EQUIPMENT 


on the desk the photo-electric relay may be short circuited 
and the sequence resumed. 

The visual aligning equipment is simple but effective, 
and except in foggy weather can be relied on to give accu- 
rate alignment. A vertical piano wire is fixed on the 
exact centre line of the bridge close to the window in the 
control room and forms the back sight for a target on 
each of the abutment portals (Fig. 11), the target being a 
narrow vertical opal strip, #in. wide, illuminated fairly 
brightly from behind by three standard lamps. On the 





upper bracing of the swing span is mounted the foresight, 


consisting of a circular frame glazed with transparent 
red and green glass screens separated by a@ vertical gap 
fin. wide. 

As the span approaches correct alignment one of the 
screens will pass in front of the illuminated target, showing 
either a red or green light to the operator, depending on 
which way the span approaches the abutment. At the 
dead centre position the white light of the target, when 
lined against the piano wire by the operator, shines 
brighily through the }in. gap between the screens, but if 
the span overshoots the mark the target light changes 
colour as the next screen passes across it. It has been 
found that this method can be used satisfactorily by day 
or night. 

The whole of the equipment was supplied by the General 
Electric Company, Ltd., of Witton, Birmingham, to whom 
we are indebted for these particulars. 








New Liquid Meters. 


WE recently inspected two interesting new types of 
liquid meter which are being manufactured by Precision 
Meters, Ltd., 104, High Holborn, W.C.1. At present 
the meters are being made primarily for the measuring 
of oil, but we were informed that they can also 
be constructed for measuring liquids of all kinds. 
As will be seen from the following description, the 














Fic. 1—Liquip METER 


meters are of the positive displacement type. Owing 
to the method of construction and the materials 
used, wear is said to be practically negligible. The 
first and largest type of meter is illustrated in Fig. 1, 
and is at present being made in two sizes, in., with a 
capacity of 200 to 300 gallons per hour, and jin., with a 
capacity of 300 to 1000 gallons per hour. This meter, 
as can be seen from the drawing, Fig. 2, consists of two 
oil chambers sealed off from a central mechanism chamber. 
The actual measurement of the liquid is determined from 
the amount displaced at each stroke by the reciprocating 
double-action plunger. The length of the stroke and the 
unit of measurement is set by an adjustment screw at 















































FiG. 2—DESIGN OF LIQUID METER 


the right-hand side of the meter. In the position of the 
meter shown in our drawing the liquid has just begun 
flowing under pressure from the pump through the inlet 
port A, and is forcing the plunger leftwards. The oil 
on the other side of the plunger is being forced out of the 
delivery side of the meter through the port B. When the 
limit of the plunger stroke as set by the calibrating screw 
is reached, the arm C on the rocker shaft springs to the 
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other side of the slot on the valve-control spindle crosshead 
and forces the spindle along so that the valve action is 
reversed and the sleeve valve on the right closes the inlet 
port and opens the delivery port for the liquid to be 
ejected on the return stroke of the plunger. It can be 
seen from the drawing that as the crosshead on the centre 
of the rocker spindle passes the central position it carries 
over the lower end of the forked lever which controls 
the meter spindle E, thus registering the unit of oil 
passing through at the end of the stroke of the plunger. 
The pistons which pass into the hollow centre of each 
plunger and act as a stop at the end of each stroke trap 
a small amount of oil at the end of the stroke, which, 
in addition to lubricating, minimises the stopping force. 
The other type of meter is made in two sizes, known 

















Fic. 3— Victory 4°" Liquip METER 


as the “ Victory 4” and “ Victory 5,” with capacities 
of 50 gallons and 180 gallons per hour respectively. 
The two meters work in a similar manner and comprise 
four or five pistons balanced on a central swash plate. 
The movement of the pistons is actuated by the pressure 
of the oil, which flows from the first piston metering 
chamber through each of the succeeding metering 
chambers, thus imparting a rotary movement on the 
swash plate pivot. As will be seen from the drawing, 
Fig. 4, the “‘ Victory 4’ type of meter has four pistons 
diametrically opposite one another, two of which are 
shown. In the position shown in the drawing, the oil 
has passed from the main supply chamber F into the 
metering chamber of the first piston, and thence into the 
upper part of the cylinder G, where, by means of a by-pass 
slot, it fills the metering chamber H. At the same time, 
at the opposite side, the piston has reached the position 
where the meter chamber is opposite the outlet port and 
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Fic. 4—SWASH PLATE MECHANISM 


has discharged its contents. The natural action of the 
wobble plate under the flowing oil pressure on the first 
piston then causes the right-hand piston to begin its 
descent to bring the metering chamber back to the inlet 
port, whilst the chamber H in the other piston begins to 
ascend. The oil in this latter chamber does not pass 
straight to the outlet, but on to the next cylinder, thus 
imparting a wave motion round the meter pistons to 
the final outlet cylinder on the opposite side. As can be 
seen, the upper part of the swash plate is connected by a 
pin to a slot in the driving pinion of the meter registering 
mechanism, thus registering the continual flow of the 
oil. For calibration purposes the length of the piston 
stroke is adjusted by controlling the angular movement 
of the swash plate by the screw on the lower part of the 
pivot shaft. 

This latter type of meter has been passed by the Board 
of Trade, and is now being used extensively in connection 
with the metering of oil from cabinets at garages and other 
places. 








Air Compressor Control. 


THERE are a number of systems for controlling air 
compressors and a new one of particular interest has been 
fitted by J. Browett-Lindley (1931), Ltd., Letchworth, 


This new device has been designed for use with one of 
the firm’s standard control systems in order to obtain 
economical and cool running where high pressures or 
long periods of light load occur. Both of these conditions 
occur at Fulham, where a delivery pressure of 300 lb. 
per square inch is required, and there are long periods of 
little or no demand. In air compressors, when an auto- 
matic control device is provided at the air inlet to keep the 
delivery pressure within fine limits, if special precautions 
are not taken the air trapped in the high-pressure cylinder 
continues to be compressed within a few pounds of delivery 








anode rectifier, a flow of electrons will be established to 
whichever of the three anodes is momentarily at the 
highest positive potential. In each case when the 
anode is negative no current flows. On «@ 50-cycle 
three-phase supply current will flow vid each anode 
in turn for a period of 1/,5th of a second. By tapping 
each of the secondary windings of the transformer, 
as in the diagram C, and by using either two three-anode 
or three two-anode valves, it is possible to obtain six- 
phase rectification, which gives a very smooth D.C. 
output. Other arrangements are possible, such, for 
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pressure and expanded again. This results in a waste of 
power and involves a danger of overheating. The manner 
by which the new device overcomes these difficulties may 
be seen from our drawing. The valve C is a standard relay 
valve loaded by means of the weights D and supplied with 
compressed air from the outlet side of the compressor A 
through the grit strainer B. When the pressure of the air 
reaches a predetermined limit, the valve is able to over- 
come the weight D, thus uncovering a port and admitting 
air to the pipe K through which it passes and closes the 
inlet control governor valve E. The foregoing is the firm’s 
standard practice for compressor control and the actual 
improvement on it in this instance is in the extension of 
the governor valve spindle to form a further relay valve F, 
which enables compressed air to pass along a pipe to the 
gap between the two opposed pistons HH, after the 
inlet valve E has been closed. These pistons are connected 
with springs, which act directly on the suction valve plates. 
By this means when the predetermined air pressure has 
been reached, and the inlet valve closed, the air left in 
the high-pressure cylinder, instead of being compressed 
to within a few pounds of the outlet pressure at each 
stroke, is compressed only to the pressure of the inter- 
cooler. This effects a considerable current reduction when 
the compressor is running on no load, and eliminates the 
possibility of overheating. The fact that this method of 
control has @ minimum number of moving and is 
entirely automatic enables it to be run for long periods 
without attention once the initial adjustments have been 
made. We are informed that this system can be used with 
more than two stages, and with other types of control. 








Oxide Cathode Rectifiers. 


CONSIDERABLE progress has recently been made in 
the development of oxide cathode rectifiers. While 
rectifiers of this kind were originally small units and 
were used mainly for charging portable batteries, 
they are now made by Crypton Equipment, Ltd., 
North Acton-road, Park Royal, N.W.10, for much 
larger outputs. The theory of the oxide cathode rectifier 
corresponds with that of the mercury are rectifier but 
the electron emitting element is a hot oxide-coated 
filament instead of a mercury pool. Another difference 
is that there is no need to provide external excitation. 

Immediately the filament of an oxide cathode rectifier 
is heated the electron flow is established and the filament 
can be left excited at negligible loss and the load switched 
on and off at will. Nothing beyond the valve and trans- 
former to give the requisite voltage is needed. A modern 
valve with three anodes is illustrated, and diagrams of 
a single-phase, three-phase, and six-phase rectifier are 
given at A, B, and*© respectively. The first diagram 
relates to a valve with two electrodes giving full wave 
rectification. If it is assumed that the left-hand side of 
the secondary of the transformer T has a positive voltage 
at a given moment, then the anode A | will be positive. 
Current will therefore flow from A 1 to the cathode K, 
and thence to the D.C. load and back through the neutral 
point of the transformer. In the second half of the cycle, 
the right-hand side of the transformer becomes positive 
and current will flow from A 2 to K and will follow the 





Herts., to their compressors at Fulham power station. 





AUTOMATIC CONTROLLER FOR AIR COMPRESSOR 


example, as four-phase rectification from a three-phase 
supply, by the utilisation of a modified Scott connected 
trarsformer. Savings in construction can sometimes be 
obtained by the use of an autotransformer instead of a 
double-wound transformer, although this arrangement 
has the disadvantage that the D.C. output circuit is 
not isolated from the A.C. supply. 

It is also theoretically possible to design oxide cathode 
rectifiers without a main transformer at all, although 
a small auxiliary transformer is needed for heating the 
filament. In this case the D.C. voltage will be in direct 

















OxIpDE CATHODE RECTIFIER 


proportion to incoming A.C. voltage. A standard 
400-volt, three-phase A.C. supply will give a D.C. voltage 
output of approximately 240 volts, and a three-phase, 
415-volt supply a D.C. pressure of approximately 260 
volts. A disadvantage of this design, however, is that 
the D.C. current from the rectifier has to traverse the 
A.C. mains in order to complete the circuit vid the path 
of lowest impedance, which is usually the windings of the 
nearest distribution transformer, and for this reason 
it is desirable to limit the size of this type of rectifier to 
outputs of 10 amperes. 





same path as before. Similarly, in the case of the three- 


The high efficiency of the oxide cathode rectifier is due to 
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the fact that the losses are low. They consist of the 
small losses in the transformer ; the filament consumption, 
which averages only 2-5 watts per ampere of the valve 
rating, and the voltage drop in the valve, which does 
not vary with the load. The actual drop is from about 
6 volts for valves designed for voltages up to 50 and 12 
to 15 volts for 250-volt valves and over. The electrical 
efficiency of a standard valve at full load is approximately 
88 per cent., and decreases very slowly to quarter load, 
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after which it falls more rapidly. Voltage regulation 
depends on the transformer regulation, and can therefore 
be made practically constant from no load to full load. 








Dredging on the Rand. 


PaRTICULARS have just come to hand from South 
Africa of an interesting scheme operated by Rand Mines, 
Ltd., for the dredging of the Booysens Spruit dam on the 
Rand. Booysens dam creates the main reservoir for the 
water supply for all the gold mines controlled by Rand 
Mines, Ltd. The water conservation area is in the region 
of 100 acres, and was originally 30ft. to 35ft. deep. During 
the passing of years, however, the waste washed into the 
reservoir from the surrounding districts has caused much 
siit to settle. In addition, slimes and other deposits from 





the surrounding dumps were blown in by the strong winds 
and washed down by the heavy rains, until the water 
capacity of the dam decreased to 23 million cubic feet, 
the greatest depth being only 14ft. Steps were taken 
therefore to devise some scheme whereby the silt could 
be rapidly and economically removed in order to preserve 
the original water storage capacity. The material to be 
excavated consisted of heavy black clay and silt—not 
easy stuff to handle. Various schemes were considered, and 
finally it was decided to make use of clamshell excavators. 

The equipment installed—see the accompanying engrav- 
ings—comprised one Ruston-Bucyrus 37-B Diesel clam- 
shell dredge, with 35ft. boom and 1} yard bucket; one 
Ruston-Bucyrus 37-B Diesel clamshell, mounted on 
caterpillars, with 50ft. boom and 1} yard bucket; one 





which transported the silt on to the adjoining flats for 
dumping. Dredging was begun in December, 1934, and 
during the following six months two shifts per day were 
worked, after which one shift per day was worked. During 
this period of nearly thirteen months, 245,740 cubic yards 
of silt were removed from the reservoir, thereby increasing 
the water capacity by 41,775,800 gallons. The intention 
of the engineers is to continue dredging until approxi- 
mately 1,000,000 cubic yards of silt has been removed, 
giving an ultimate reservoir capacity of 193,000,000 galls. 

The average cost of dredging during the period men- 
tioned, so Ruston Bucyrus informs us, was 4:80d. per 
cubic yard, or 2s. 4d. per 1000 gallons gain in capacity. 
This figure includes all charges excepting depreciation 
and interest on the plant. The figure includes the operat- 

















RIGID FRAME AND 


Diesel tug of 64 B.H.P.; and three 80-ton hopper (60 
cubic yard) barges. The tug and barges were made by 
J. S. Watson (Gainsborough), Ltd., of Gainsborough. 

The method of operation adopted was for the clamshell 
dredge to dig and elevate the silt, from a maximum depth 
of 35ft. below water level, and to discharge it into the 
hopper barges. The fully loaded barges were then towed 
by the Diesel tug alongside the dam wall, where the cater- 
pillar-mounted clamshell, located on the top of the dam 
wall, emptied the barges and dumped the silt over the 
wall, where a limited dump area was available. When 
this dump area was filled the caterpillar clamshell moved 
from the wall to the foreshore, where it discharged the 
silt through a hopper bin into 1 cubic yard tip wagons, 
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INCLINABLE FRAME POWER PRESSES 


ing and maintenance costs of the clamshell dredge, cater- 
pillar clamshell, Diesel tug and three hopper barges, 
hopper bin, and | cubic yard tip wagons, and the salaries 
and wages of operators and crews. In connection with 
these figures it should be remembered that salaries and 
wages are higher than those paid in Great Britain or in 
Europe for similar services, and that the price of Diesel 
fuel oil on the Rand is approximately £11 11s. per short 
ton as compared with an average of £5 in Great Britain. 








New Power Presses. 


A NUMBER of interesting features are incorporated in 
a range of power presses made by Ateliers H. Raskin, of 
Belgium, which have been introduced into this country 
by George Cohen, Sons and Co., Ltd., of Park Royal. 
Our illustrations show two types of the presses, one with 
@ rigid frame and the other with an inclinable frame. The 
machines are made in sizes up to 500 tons capacity, but 
the same general principles of construction are closely 
followed in the various types. High-tensile 1} per cent. 
chrome iron is used for the framework, which, as can be 
seen, is of bow-shaped design, the front part being con- 
siderably stouter than the rear, to give the maximum 
strength where the upward thrust of the working stroke 
is taken. The crankshaft is of forged steel, and is hardened 
and ground, and fitted with steel sleeves where the bear- 
ings are situated. The stroke is given by the cam action 
of the offset end of the crankshaft, the length of stroke 
being set by means of an excentric sleeve. The setting 
of the stroke is rapid and easy ; on the rigid frame press 
the locking plate at the end of the crankshaft is loosened, 
and the adjusting head acting on the excentric cam is 
turned to correspond with the required graduation on the 
back plate. A similar procedure is followed on the inclin- 
able frame press, the difference being that the locking 
plate and adjustment ring are at the centre of the crank- 
shaft. The drive from the crankshaft through the stroke- 
adjusting cam is by means of a number of teeth cut round 
the face, which give fine setting limits and the maximum 
of strength when transmitting power. In the case of the 
inclinable frame press it will be noticed that the crank- 
shaft bearings are set over at an angle, so that the full 
reaction of the working stroke is taken through the centre 
of the machine and not partly on the loose shells of the 
bearings. The machines are so designed that to eliminate 
excentric loading the ram is dead central with the table, 
and gives the full force of the working stroke straight 
through the press. Before the frames are cast, the sand 
in the mould around the ram slides is moistened to give 
increased tensile strength to the metal in that area. The 
slides of the ram are hand finished to ensure good surfaces, 
and wear adjustment is made only on one side, as it is 
claimed that when the wear is taken up on both sides it 
is possible to get the ram out of alignment with the table. 
For ejecting tools that are jammed in the ram, the attach- 
ment shown on the front of the rigid frame press is used. 
The bar is bolted to the frame and an ejector key placed 
in the head of the tool holder. The fly-wheel is then turned 
back and when the head of the key meets the bar it does 
not require much force to push the tool out. The presses 
are fitted with cam action brakes, which act only at the 
top of the stroke. 
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No. IV. 
(Concluded from page 415, October 16th.) 


EvLectric AND Gas UTILITIES. 


pa No. 15.was entitled ‘‘ Regional Integration 
of Electric and Gas Utility Facilities.” The 
General Reporter was Mr. Percy Thomas (Chief, 
Transmission Section,. Federal Power Commission, 
U.S.A.). Opening his report, he wrote : 


The broad subject is the integration or co-ordination of the 
producing and transmission utility facilities of a regional 
district for the purpose of securing the most economical and 
the most effective supply to the largest feasible number of 
local consumers, and for adequate power to industry and for 
national purposes. The service may 24 the supply of electricity, 
of gas, or of a combination of the two. Emphasis is placed 
not on the purely statistical features and the difficulties of 
system operation, but rather on the policies involved, the social 
benefits to be obtained, on political and legal conditions, as 
far as they bear upon the success of co-ordination, and on the 
broad lines of organisation and administration. Methods of 
financing co-ordination operations are included. 

Naturally, an extremely wide range of physical, social, legal, 
and political conditions are found, but the central thought runs 
through all, to secure the greatest feasible advantage from 
unification and co-operation in the application of natural 
resources to the supply of a whole community with electricity 
or gas, and at the same time to make available adequate service 
to the nation in times of great emergency. A national deter- 
mination to secure such unification of facilities seems well-nigh 
universal among the industrial nations. 

As would be expected, different nations have approached 
the problem from different points of view, and have used 
different methods. They have attained widely different degrees 
of co-ordination. Therein lies the interest in the papers. 


The dicussion dealt with co-operation between the 
Government and private companies, and the possi- 
bility of adapting the British ** grid ’’ to American 
conditions. 

Discussion of the latter point was based largely 
on the paper by Mr. B. Manly (U.S.A.), in which he 
urged the interconnection of generating plants by 
means of a grid system in order to secure the widest 
possible distribution of electricity to local com- 
munities and rural areas. 

Mr. P. Sporn (vice-president, American Gas and 
Electric Company) disagreed with this contention. 
He said that long-distance transmission was unecono- 
mical. He had no doubt that in cases where inter- 
connection was economically sound it would be 
carried out. 

Mr. H. G. Robey (U.S.A.) said that co-operation 
between private companies, with their wealth of 
experience in the power field, and the Government, 
with its long-range interest in the matter, would 
make an ideal combination for the development of 
the nation’s power and water resources. Any pro- 
gramme designed to benefit a large group of consumers 
should be welcomed regardless of whether it was 
carried out by private interests or by the Government. 


UTILISATION OF WATER RESOURCES. 


Paper No. 13 was entitled *‘ Planned Utilisation 
of Water Resources.”” The General Reporter dealing 
with this discussion was Brigadier-General M. C. 
Tyler (U.S. Army). Some extracts from the report 
are given below : 


PLANNED UTILISATION OF WATER RESOURCES. 


The importance of the planned utilisation of water resources 
is now generally recognised and the necessity for co-ordinating 
the various uses of water grows with the continued develop- 
ment of agriculture and industry and as the density of population 
increases. 

The question of the manner and extent of the participation 
by the State in securing this co-ordination immediately arises. 
Three general methods of accomplishing the objective appear : 
(a) Through the voluntary co-operation of private parties 
without aid or restrictions from the State or political sub- 
divisions thereof; (b) comp develop t, operation, and 
control of water uses and resources by the State and its political 
subdivisions; and (c) a limited control by the State with 
certain rights and responsibilities resting in private hands. 

No one plan can be devised which will have universal applic- 
ability. This is true because of the varying forms of govern- 
ment, physical conditions, and requirements in the different 
nations of the world. It may be possible, however, to evolve 
general principles which will be of help in formulating national 
policies. 

The methods which have been adopted in specific instances 
are ably described in a number of the papers submitted to this 
Congress. 

In general, the trend seems to be toward participation by 
the State and its political subdivisions in the dovelsguseds and 
utilisation of its water resources. The extent of this participa- 
tion is affected by many factors, one of them being whether, 
under the law of the land, riparian owners have certain riparian 
rights, and if so to what extent they must be abridged in the 
interests of co-ordination. The policy of leaving the initiative 
and responsibility for the development and operation of 
resources with private parties, or semi-public concerns, is 
reported as being the policy in several countries, the State 
limiting its activities to granting assistance financially and 
otherwise, and to prescribing those restrictions necessary to 
protect the interests of the people as a whole. 

Other means of State aid are found in laws clothing private 
or semi-public parties with powers and rights vested in the 
State while engaged on certain projects ; in provisions for aiding 
such parties financially ; in checking plans, and in authorising 
combinations of private concerns for co-operative marketing 
purposes. 

For many years probably the use of water for navigation, 
domestic purposes, and in connection with fishing received 
the most attention and the problems were comparatively 
simple. With the introduction of hydro-electric power, indus- 
trial expansion, the i in population density, together 
with the realisation that destructive floods and continued 
stream pollution must be curbed, there came the appreciation 
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excessive or conflicting. The problems thus created might 
roughly be divided into two classes: (a) Those in which the 
solution is known and where the question is largely one of the 
necessity for applying it, and (b) those for which entirely satis- 
factory solutions are not apparent. An example of the first 
class is the matter of stream pollution, and of the second class, 
the effort to develop a water resource for more than one purpose, 
as, for example, for navigation and for power development. 

Another phase of hydro-electric development which deserves 
consideration is its relation to resources other than merely 
the water resources of a nation. For example, the absence of 
coal, oil, or other fuel may dictate an extensive hydro-electric 
power development. On the other hand, the source of this type 
of power may be at considerable distance from the power 
market, but that market may have access to some type of 
fuel. Where this is true a combination of hydro-electric and 
thermal power may prove more desirable than an attempt to 
use the former alone. 

From the data in many of the papers it is apparent that 
only a comparatively small percentage of the total potential 
hydro-electric power has been developed. We may therefore 
expect continued growth in this field, and the maximum results 
can best be secured through thorough study of the problems, 
free interchange of information and ideas, and advance planning 
looking towards the co-ordinated use of the resources. 

Little of importance emerged from the discussion 
of the papers; the general opinion on the subject 
seemed to be that expressed by Monsieur Henri 
Fredet (France), to the effect that the use of small 
water powers is declining and will continue to decline 
as electrical transmission networks are extended. 
The rapporteur, Mr. Cory, and Mr. C. 8S. Jarvis—also 
of the U.S. Soil Conservation Service—however, 
think that there will be an increase in the use of small 
power plants in America, particularly in connection 
with headwater storage reservoirs. Other speakers 
included Mr. D. Mamarchev (Bulgaria) and Mr. J. 
Williamson (London). 

UNITED STATES. 


RuRAL ELECTRIFICATION IN THE 


On September 8th members of the World Power 
Conference were invited to visit the headquarters of 
the Rural Electrification Administration in Wash- 
ington, in order to study the work which was being 
done to promote rural electrification in the United 
States. Groups of members were addressed by the 
Administrator, Mr. Morris L. Cooke, on the work of 
the Rural Electrification Administration (R.E.A.), 
and a number of questions were answered. Mr. Cooke 
said that the R.E.A. had been created in May, 1935, 
as part of President Roosevelt’s recovery campaign. 
Congress had earmarked 100,000,000 dollars of the 
work relief funds for use in increasing the degree of 
rural electrification in the United States. The R.E.A. 
was trying to bring electric power to the greatest 
possible number of farms in the shortest possible 
time. It strongly urged that in the construction of 
rural lines entire areas be served, thus taking “ the 
skimmed milk with the cream”’—a policy which 
many electricity supply companies had been reluctant 
to follow in the past. 

On Thursday, September 10th, a party of members 
visited Rosedale Farm, the R.E.A. demonstration 
electrified farm near Herndon, Virginia. 

This is a mixed farm of 312 acres, out of which 
70 acres are devoted to pasture for the dairy herd. 
Both the farmhouse (which is 200 years old) and the 
farm itself have been equipped as completely as 
possible with electric appliances in order to demon- 
strate the many ways in which electricity can be of 
service to the farmer. 

The house, farm buildings, and farmyard are elec- 
trically lit. In the feed house a feed grinder, feed 
mixer, and corn sheller are electrically driven. In 
the cowsheds a milking machine, hay hoist, ventilating 
fans, clipper, and curry whisk brush machine are 
driven by electricity. Another electrically operated 
hay hoist is provided in the stables (a portable motor 
is used for driving either hay hoist). 

The poultry house is electrically lit. by ultra-violet 
rays, and contains an electrically heated incubator, 
brooder, and water heater. Electric motors drive the 
plant in the farm workshop, which also contains an 
electrically heated soldering iron. Pumping and 
meat chopping are performed by electric power, and 
in the garden there is an electric hot bed. An even 
greater variety of uses for electricity is found in the 
house, the equipment including an electric fly trap ! 
On Saturday, September 12th, a whole-day tour 
was arranged to enable members to see other rural 
electrification projects in Virginia. One of these, not 
yet completed, will serve 1552 customers with 406 
miles of line. A visit was also paid to Hopyard Farm, 
a mixed farm of 1500 acres. This farm was of especial 
interest because of its high average consumption of 
energy, amounting to 15,000 kWh annually. 

On Friday, September llth, papers Nos. 16, 17, 
and 14 were discussed. Paper No. 17 was entitled 
‘“* Rural Electrification.” The General Reporter was 
Mr. Foster Adams (Rural Electrification Administra- 
tion, U.S.A.). The following notes are taken from 
his report. 

RURAL ELECTRIFICATION. 


In a survey covering the availability of electricity in the rural 
areas of different countries, two significant points stand out. 





produced a marked increase in the areas electrified. The second 
is the relatively extensive degree of rural electrification in the 


Continental European countries. England and the United 
States are making progress, but much ground yet remains to 
be covered. 

Germany reports that approximately 80 per cent. of its agri- 
cultural holdings enjoy electric service. The Netherlands 
estimates that 98 per cent. of the entire population are consumers 
of electricity. 7 sone by an ambitious rural electrification 
programme, during the past ten years increased the number of 
electrified communities from less than 50 per cent. to 94 per 
cent. of all communities, including 98 per cent. of the entire 
population. Sweden estimates the degree of rural electrifica- 
tion in ratio of arable land of electrified farms to total arable 
area for 1935 as 65 per cent., compared with only 6 per cent. 
in 1916. The electrified area comprises about 150,000 of a total 
of 307,400 farms of more than 2 hectares. An important impetus 
to the development of Swedish rural electrification was given 
by the lack of fuel during the World War. 

Czechoslovakia, after becoming an independent state, worked 
intensively toward increasing the availability of electricity. 
The result was that at the end of 1935, out of a total of 15,682 
communities, 9070, or 58 per cent., were provided with an 
electric distribution system, and that almost 80 per cent. of 
the total population were using electricity. Austria intensified 
its efforts to provide widespread rural electrification. The 
report estimates that in some rural districts in 1935, 95 per 
cent. of all buildings were connected to electric lines, and the 
development in mountain areas is nearing the limit of economic 
feasibility. Hungary, favoured during the post-war period by 
high prices of agricultural products, saw the use of electricity 
increase considerably in its rural areas, although the subsequent 
Perisis to some extent checked further development. 

In Great Britain much interest is exhibited in rural electrifica- 
tion. Statistical returns show that the number of farms con- 
nected to distribution systems now approximates 20,000. In 
Denmark a large company serving a fairly good district has 
made such progress that about 50 per cent. of all buildings 
and 60 per cent. of the agricultural area in the district are 
electrified. Belgium, with a very high density of population, 
has witnessed a rapid post-war development in rural electrifica- 
tion, and at the beginning of 1936 only thirty-five communities, 
comprising 0-17 per cent. of the total population, were unserved. 
About 84 per cent. of all homes are wired. In Switzerland 
98 per cent. of all houses are using electricity and only those 
farms which are remote from distribution lines are still without 
eurrent. 

In the United States approximately 6,000,000 of the 7,000,000 

farms are without electric service. Including farms having 
individual lighting plants, approximately 16 per cent. of all 
farms were electrified by the end of 1935. Mr. Reed’s paper 
states that when customers in villages, roadside stands, and 
cross-road stores are included, 35 per cent. of the rural popula- 
tion now enjoys electric service. Approximately 36,000 miles 
of rural line are being built in 1936, an increase of 75 per cent. 
over 1935 construction. Dr. Morgan reports that the spread of 
rural electrification is being facilitated by lower construction 
costs. 
Government plants in Puerto Rico serve an area, predomin- 
antly rural in character, including approximately one-third 
of the island’s population. Two new hydro plants to be built 
with Federal funds are expected to give a great impetus to rural 
electrification there. 


A notable feature of the discussion was the number 
of speakers from many countries who emphasised 
the social value of rural electrification in addition to 
its purely economic value. They considered it to be 
an important factor in overcoming the drift of rural 
population into the cities. It was generally agreed 
that rural electrification schemes should be economic- 
ally sound, and methods which had been found 
helpful in achieving this very desirable end were 
described. Several speakers stressed the importance 
of obtaining a good load in order to obtain economical 
operation, and stated that since the rural population 
was poor a good load could only be obtained by fixing 
rates comparable with those paid by city dwellers. 
To enable low rates to be fixed the utmost care should 
be taken to reduce the cost of constructing the trans- 
mission lines so that interest charges should be a 
minimum. 

Mr. J. M. Kennedy (President, Inst. Elec. Engineers, 
Great Britain) said that overhead transmission lines 
cost only one-fifth of the cost of underground cables, 
and that by their use even small villages containing as 
few as 100 people could be economically supplied. 
American speakers drew attention to the credit 
facilities provided by the Rural Electrification 
Administration of the U.S. Government. Money 
could be borrowed at 3 per cent. by groups of farmers 
(termed ‘‘ co-operatives ’’) for line construction, to 
be repaid in twenty years. The transmission line 
itself formed the security for the loan. 

Diverse opinions were expressed on the nature of 
the rural load. Some speakers considered that it did 
not differ greatly from the urban load, because in the 
rural population were many who were not farmers 
and who had the same needs as city dwellers. Others, 
both British and American, said that rural electrifica- 
tion could never be considered to be really successful 
until the farmers had been convinced that it could 
help them to reduce their farming costs and were using 
electricity on the farm and not mainly in the house. 
It was often difficult to persuade farmers to purchase 
equipment for certain purposes for which it would be 
profitable to them, and to overcome this difficulty 
it was necessary to provide technical service for the 
farmers and to set up demonstration farms. 

Mr. Borlase Matthews (Great Britain) pointed out 
that the practice of farming was changing owing to 
economic circumstances beyond the farmers’ control. 
Both he and other speakers felt convinced that elec- 
tricity could render much greater services to the 
farmer than it had done in the past. 

The question of public versus private supply was 
once more raised ; instances were quoted under both 
systems where a rural supply was being provided at 
a cheap rate. It was pointed out that less than 12 per 
cent. of American farms were electrified, compared 
with 50 per cent. in Sweden and 98 per cent. in 
Holland. 

Paper No. 16 was entitled “‘ Rationalisation of Dis- 








that in many instances the demands on water resources were 





The first of these is that in many countries the past decade has 
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Reporter dealing with this paper was Mr. G. H. 
Morse (Federal Power Commission, U.S.A.). In 
his report he says :— 


RATIONALISATION OF DISTRIBUTION OF ELECTRIC 
ENERGY AND OF GAS. 

As the arts of distribution of electric energy and of gas 
approach a stage of enlightened and stabilised practice, it 
becomes increasingly apparent that they represent by far the 
larger portion of the costs which attend serving the public 
with these twin utilities. Since this is the case, it is for greater 
improvement in the arts of distribution that we must strive in 
order to cheapen service in either of these fields. 

‘* Rationalisation ’’ denotes the organisation of a business or 
industry upon an orderly basis to simplify procedure and avoid 
waste. How shall we still further rationalise distribution ? 
Logically, we must first determine what has already been accom- 
plished along the line in which we are interested. All agree that 
rationalisation will be greatly facilitated by substantial increases 
in customer usage. What means of increasing the customer's use 
of electric energy or of gas are proving effective ? Can rates 
be lowered without sacrifice of return to invested capital ? 
Can they be so devised and applied as to bring the desired 
results without loss of revenue? What are the relative mag- 
nitudes in costs of production, transmission, and distribution ? 
These and many other questions have been treated more or less 
adequately in the papers. 

Mr. J. D. Ross, dealing with conditions in the United States, 
holds that the merchandising of new apparatus, or the use of 
electricity where something else was used before, offers a more 
effective means of increasing residential use than does the 
lowering of rates. 

Mr. Norman R. Gibson, also U.S.A., finds the theory that a 
reduction of price of electricity will be followed by increased use 
sufficient to balance offset loss of revenue, to be true only within 
certain limits. It is pointed out that in the most diversified 
use of existing investment lies the chief hope for low costs and 
rates. No revolutionary discoveries which will materially 
reduce costs of distribution are anticipated. 

In Mr. Beard’s British paper differentiation of rates between 
urban and rural areas is considered, and the idea expressed that 
this should be avoided. The best size of area for a distribution 
unit is put at 1000 to 3000 square miles. 


In the discussion which followed, Mr. P. Sporn 
(Vice-President, American Gas and Electric Com- 
pany) stressed the importance of maintaining a high 
load factor as a means of reducing costs. He men- 
tioned the electric refrigerator as being particularly 
valuable in this respect because of its almost constant 
load for twenty-four hours per day. 

Mr. E. Velander (Sweden) considered monthly 
meter readings an unnecessary extra expense and 
considered that three or four readings per year were 
sufficient. 

Mr. A. Forward (American Gas Association) said 
that the gas industry in America was paying much 
attention to rates on account of the need to compete 
effectively with other fuels. 

Paper No. 14 was entitled ‘‘ Utilisation of Small 
Water Powers.” The General Reporter dealing with 
this subject was Mr. H. T. Cory (Department of 
Agriculture, U.S.A.). A few passages from the 
report follow :— 


UTILISATION OF SMALL WATER POWERS. 


Apparently the development of small power units using the 
old-fashioned water wheel for driving mills, grinding grain, and 
sawing lumber and wood is practically universal throughout the 
civilised world. Such small units almost invariably determined 
the location of small industrial centres and consequently of 
communities, since, prior to the invention of the steam engine, 
fallmg waters were the only source of mechanical power other 
than the use of animals. Furthermore, the extension of small 
water power developments was not greatly affected by the 
increased use of the steam engine during the first three-quarters 
of a century subsequent to Watt’s epoch-making invention. 
The real period of concentration and large factory installation 
can hardly be said to have begun prior to the advent of elec- 
tricity. Then the installation of small water wheels sharply 
slowed down. Recently very few small water powers have 
been developed, and those due to peculiar conditions. 

It is interesting to note the unanimity of all these papers as 
to such phenomena. 

From that time on, the utilisation of water power in the 
several countries took rather divergent lines, in accordance 
with the national characteristics as regards economic develop- 
ment and social and political institutions. In a few countries 
the total number of small water power developments is still 
slowly increasing, while in others a very important percentage 
of such plants have been abandoned. The paper from France 
reports the number of such installations to have fallen from 
70,000 as a maximum to about 30,000 at present ; in the United 
States from 55,000 water wheels in 1880 to 6500 in 1929; while 
in Sweden during the period 1929 to 1935 forty new plants have 
been built, as against but twenty-three relegated to disuse. 

In a general way the more rapidly and completely a country 
has been industrialised, the larger the percentage of small 
powers which have been abandoned, but there are exceptions, 
as, for example, that of Sweden just mentioned. 

The factors of significance which determine the increase or 
decrease of small water power installations seem practically 
universal and are, in somewhat the order of their importance— 
increasing size of the industrial power-using establishments ; 
comprehensiveness of electrical transmission ; increased effi- 
ciency of thermal power plants; and tendency of energy-con- 
suming industrial plants to concentrate in large cities or restricted 
areas. 

In practically all countries of the world the flows of streams 
having any considerable gradients vary enormously throughout 
the year, so that one almost universal characteristic of small 
water power establishments is either an output.so small as to 
utilise but a fraction of the possible yearly energy development, 
or relatively long periods when the power supply is far below 
the yearly average. Until the middle of the nineteenth century 
such undependability in low-water seasons had not the serious 
consequences of to-day. The low-water season is in general that 
of the growing or cropping season, and most of the employees of 
manufacturing plants deriving power from small water wheel 
installations were both farmers and operators of machines. 

Thus it is that the feature of social evolution which may be 
described as specialisation of labour in year-round employment 
as factory workmen became a significant factor in reducing 
the importance of small water power installations. 

The sociological features of all these facts are interdependent, 
and the results with regard to such water power plants were 
consequently contemporaneous in no small degree, and, further- 
more, will no doubt continue to be so. 

The paper from the United States emphasises the importance 
of the multiple use of small doom tae is to say, for water 
supply, flood control, soil erosion prevention, and power develop- 
ment. In this way, not all the cost for works required in the 
development and utilisation of hydro-electric installations 


would be properly chargeable to power plants, and thus many 





small plants would be shown to be economically justified, 
whereas were the entire cost allocated to the hydro-electric 
installation, an opposite result might be obtained. 

In general, much depends upon where the line is drawn 
between small water power installations and large or medium 
ones. The papers from some countries take this limit 
as 100 kVA installed capacity, and in others, such as: the 
United States, 1000 kVA; while in Sweden emphasis is placed 
upon yearly output, the upper limit for anal plants being 
taken as 3,000,000 kWh. 


Nationat Power POoticiEs. 


On Saturday, September 12th, paper No. 18, 
entitled “‘ National Power and Resources Policies,” 
was taken. The General Reporter was Mr. H. 8. 
Person (Consulting Economist, Rural Electrification 
Administration, U.S.A.). In his report he summarises 
the individual papers, but does not generalise on the 
evidence. 

In the discussion it was generally acknowledged 
that the object of the electricity generating industry 
should be the general welfare, and that the industry 
should strive continually to increase its output at a 
price low enough to keep this output absorbed. The 
discussion centred around the means of attaining 
that objective. The importance of developing the 
water power resources of each country to the full was 
emphasised and several speakers stated that their 
countries were carrying out that policy. 

On Friday afternoon, September 11th, a combined 
session of the World Power Conference and the Con- 
gress on Large Dams was held in the Government 
Auditorium to hear an address by President Roosevelt. 
Before the President’s address three other addresses 
were given. Mr. Lewis Mumford spoke on ‘“‘ Power 
and Culture,” and Dr. Arthur Surveyer (of Montreal) 
and the Brazilian Minister of Communications and 
Public Works also spoke. 

President Roosevelt, in welcoming the delegates, 
expressed the conviction that any success which the 
United States might have in organising its domestic 
affairs would depend in large measure on the use which 
it made of the natural energies with which the nation 
was so abundantly endowed. The records of the 
Conference would therefore be studied with pains- 
taking care. 

In reviewing the conditions in the United States, 
the President observed that the period of rapid growth 
seemed to be coming to an end, and that the nation 
was approaching maturity. New points of view and 
new ways of doing things were therefore necessary. 
Many great changes had been brought about through 
scientific and engineering genius, and he was led to 
ask the question, “‘ Is creation of greater abundance 
dependent on further scientific and engineering 
achievements so much as on suitably organising and 
utilising the engineering already incorporated into 
your technique ?”’ Or, more simply, “‘ Are you and 
I paying enough attention to ‘ human engineering’ ?” 

It was conceivable that before long half of the 
population would be able to provide the basic machine- 
made products required by the whole population ; 
it would then be the duty of the engineers and 
scientists to think what would be the effect of this 
on the leisure, culture, and way of life of the people. 
He would suggest that ‘‘the answer should not be 
left solely in the hands of bankers, Government 
officials, or demagogues.”’ 

In the conservation of the national resources, a 
higher form of accounting than any yet developed by 
commerce and industry appeared to be essential. 
It must take social values into its calculations. 

Electricity was a very flexible form of energy 
which could easily be transported ; it should promote 
decentralisation of industry. A greater use of elec- 
trical energy was absolutely essential in every sector, 
rural as well as urban, in the United States, and, 
indeed, in the whole world. A sound and courageous 
public policy would lead towards its consummation. 
“Years ago Steinmetz observed that electricity is 
expensive because it is not widely used, and it is not 
widely used because it is expensive.” That observa- 
tion still held true ; there was a vicious circle which 
must be broken, and wise public policy would help 
to break it. 

The President then referred to some of the schemes 
promoted by the U.S. Government, which include 
the development of hydro-electric power—the Ten- 
nessee Valley scheme and the dams at Grand Coulee 
and Bonneville. Continuing, he said: ‘‘ At Boulder 
dam on the mighty Colorado the gates were closed 
months ago ; a great lake has come into being behind 
the dam; generating equipment has been installed 
in the power plant, and at this moment the powerful 
turbines are awaiting the relatively tiny impulse of 
electric current which will flow from the touch of my 
hand on the button which you see before me on the 
desk to stir them to life and creative activity. 
Boulder dam, in the name of the people of the United 
States, to whom you are a symbol of greater things 
in the future, in the honoured presence of guests from 
many nations, I call you to life!” 

The President then closed a switch which caused 
an electric current to flow to the far-distant Boulder 
dam, and open the valves and start the turbines. A 
loud-speaker on the platform at once came into action 
and a voice was heard describing how the turbines 
at Boulder dam were actually starting up. 

The President’s speech was received with great 
attention and at times with enthusiasm. The pro- 
ceedings were notable for their simplicity, yet the 
effect was most impressive, culminating with the 





dramatic moment when the President pressed the 
switch and the voice of the commentator at Boulder 
dam was immediately heard describing the successful 
starting of the turbines. Then the audience broke into 
enthusiastic applause, and shortly afterwards the 
President, leaning heavily on the arm of his attendant, 
limped from the platform. 

The closing session of the Third World Power Con- 
ference and Second Congress on Large Dams was 
held on Saturday afternoon, September 12th. At 
this session Dr. William F. Durand (U.S.A.) was 
appointed President of the World Power Conference. 
Addressing the members, Dr. Durand reminded them 
of his address at the opening session, in which he 
said, first, that civilisation was a great co-operative 
enterprise, and, secondly, that it was an enterprise 
which was primarily the outward expression of the 
energies of Nature utilised in the service of man. This 
was the age of power—an age in which almost our 
entire outward life was governed by or dependent on 
power—power in a thousand forms made ready and 
available for the demands of our everyday life. The 
broad subject of power in the service of man was a 
problem of international import and extent. Only 
by international understandings, international co- 
operation, international study of these problems, 
could we hope to reach solutions responding in any 
adequate degree to their world-wide import. 

Twelve years ago the World Power Conference was 
organised to deal with those problems. The import- 
ance of such meetings could not be over-estimated ; 
they were fundamental as a condition for the wise 
and effective treatment of these great problems, the 
study and the treatment of which must be approached 
and applied from a world viewpoint, rather than that 
of any one section or country. 

By meetings such as those of the World Power Con- 
ference we ourselves might exercise an important 
influence towards world peace. We surely formed a 
nucleus with habits of mind already adjusted to the 
approach to the study of world problems by way of 
those attitudes of mind and heart which alone could 
furnish a sure pathway toward this anxiously 
sought goal. 

Might we not hope, by the continued study of our 
own problems in our own way, to form, in conjunc- 
tion with other like scientific and technical organisa- 
tions, a strong nucleus of better world understandings 
and to set an example of the only way in which we 
might hope successfully to reach the goal of a durable 
world peace ? 








Electrical Installations in Buildings* 

THE main practical purpose of my address is to 
draw attention to the importance of providing 
adequate electrical installations in buildings. It is 
for ultimate service in buildings (apart from its uses 
in traction and street lighting and the like) that elec- 
tricity is generated and distributed. The telephone 
services of the country are also almost entirely used 
in buildings, and the same applies to the receiving 
of broadcast programmes. The figures shown in 
the table below indicate the estimated cost of 
materials, with labour, installed and connected in 
buildings, both old and new (excluding industrial 
plant) in 1934. These figures are estimated on what 
the user pays. They have been compiled from Board 
of Trade returns, and with the assistance of the 
sections of the industry concerned. 


Estimated Cost of Electrical Work and Apparatus in Buildings. 


Wires, cables, conduits, wiring, accessories, and £ 
labour for installations in all classes of buildings... 18,065,000 
Apparatus, lighting fittings, vacuum cleaners, fans, 
irons, refrigerators, heaters, cookers, accumu- 
lators, signs, and other apparatus 9,800,000 
Electric lamps (20 volts and over) ..._ ... 5,056,000 
G.P.O. palegeneeevtricieg and equipment 1,464,000 
Private telephone installations... ... ... 400,000 
Radio apparatus beet wea) inds 26,350,000 
£61,135,000 
£2,307,000 


House service ineters ... eb nitty tise 

The system of living and working in buildings 
to-day demands service as well as floor space and 
shelter. Yet we find that buildings of all kinds are 
being erected in this country with little consideration 
for those electrical and other modern services which 
must inevitably be required. These buildings are 
usually expected to have a useful life ranging from 
twenty-five to fifty years or more, and the electrical 
equipment is often found to be inadequate, even 
before they are occupied. 

The old custom of erecting the carcase, then 
knocking it down again in parts to accommodate the 
wiring, and afterwards patching up the fabric, is 
dying too slowly. It leads to additional builders’ 
work, which is euphemistically called ‘‘ cutting away 
and making good.”’ This is expensive and the instal- 
lation engineer is blamed for it. Cutting into the 
structure often weakens it, and the Building Research 
Station is collecting information on this aspect of 
the problem. 

Some figures have been prepared for me by a number 
of quantity surveyors whose chief work is to check 


~* Abstract from presidential address delivered by Mr. H. T. 
Young before the Institution of Electrical Engineers on Thurs- 
day, October 22nd. 
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the costs of buildings. These show that the cost of 
** cutting away and making good ” averages approxi- 
mately 10 per cent. of the electrical installation cost. 
Diversion of this expenditure to cover additional 
attention to planning and providing the services in 
the building would represent an appreciable overall 
saving ; further saving would result from the much- 
needed acceleration of building availability. 

A further point is that it nearly always happens 
that the first tenders for a complete building exceed 
the original estimated costs, and something has to be 
omitted. More often than not, it is the services which 
suffer. 

In view of the large amount of building in progress 
in the country and the likelihood of its continuing 
for many years to come, it seems desirable that the 
electrical industry should give more attention to this 
matter and assist as far as possible in making buildings 
truly useful and efficient from the time they are 
occupied until they are finally pulled down, or at 
least for the first twenty-five years. 

The value of new buildings erected in Great 
Britain during 1935 is estimated to be as follows : 


£ 
161,639,000 
106,783,000 


Houses and flats 
All other buildings .. 


Total .:. ptht.<483 . £268,422,000 

Figures which I have obtained of the cost of elec- 
trical wiring, equipment, and apparatus, relative to 
the total cost of buildings—taking all types, includ- 
ing factories—range from 14 per cent. for small 
cottages to 15 per cent. for cinemas, with an average 
of 74 per cent. for houses, flats, and other buildings. 
This gives an approximate total of £20,000,000 for 
electrical equipment, in new buildings alone, in 
1935. Industrial plant and radio sets are not included 
in this calculation. 

With a view to showing in another way the import- 
ance of electrical services in buildings, I have obtained 
some figures for the consumption of current and the 
number of telephone calls in certain large buildings, 
and, when compared with the corresponding figures 
for some fairly large towns, the results are striking. 
I have to thank three companies for allowing me to 
use their names so as to enable me to give a better 
impression of the types of buildings I have in mind. 


A Large Store (Selfridge’s) : 

Annual consumption 7,250,000 units, i.e., equal to 
such towns as Weymouth, 
Perth, or the whole of the 
Isle of Wight 

Equal to the town of Ton- 
bridge 

A Large Block of Offices (Unilever House) : 

1,016,000 units, i.e., equal to 
such towns as Stroud or 
Penzance 

Equal to Newhaven 


Annual outgoing telephone calls 


Annual consumption 


Annual outgoing telephone calls 

A Large Hotel (Grosvenor House) : 

Annual consumption ... 2,250,000 units, i.e., equal to 
such a town as Yeovil 

Equal to the town of Dor- 
chester 


Annual outgoing telephone calls 


A Large Block of Residential Flats : 
1,500,000 units, i.e., equal to 
such a town as Lewes. 


Annual consumption 


There are other buildings, such as stores and hotels 
in London, with a consumption of 5,000,000 units 
per annum, and none of these can be described as 
fully equipped electrically. Channels, ducts, and 
conduits for the reception of wires and cables must 


This question of sub-station provision is of major 
importance in modern electrical distribution, and 
makes necessary a continuous survey of buildings, 
old and new, on the part of the supply undertakers 
concerned. Careful and tactful negotiations with 
architects and owners are called for. In some districts 
the problems seem to be overcome with ease, but in 
others they cause unending anxiety. Physical con- 
ditions often present difficulties, and success depends 
greatly on goodwill and understanding between the 
parties concerned. 

From the supply undertaker’s sub-station, the low- 
tension cables are taken to the main switch-room, in 
which sufficient space should be allowed for ease of 
operation of the switch and fuse gear installed, and 
for repairs when required. From this room, vertical 
and horizontal channels or ducts should be provided 
to all local distributing centres. It is usually beyond 
these local centres that weakness of planning becomes 
most evident. It is just as important to have adequate 
runs of ducts and conduits from the local distribution 
centres as from the mains. 

In the United States and Canada, underfloor duct 
systems have been adopted as standard practice in 
the wiring of nearly every type of building, except 
private houses, for over ten years. They have been 
used in this country, but only in a very few instances. 
The ducts are made of steel or fibre and are laid in 
the floor during construction. Some of them can be 
tapped at any desired position along the run, and 
others—the steel ducts—are fitted with inserts or 
outlets at predetermined distances in the duct run, 
usually from 2ft. to 4ft. One, two, or three-duct 
systems are employed, depending on the services 
required. The three-duct system is more generally 
used, as it provides more adequate facilities for 
services and is installed :— 


For telephones and signalling wires In duct No. 1 
For heating and power ... ... ... In duct No. 2 
For lighting aa ee In duct No. 3 


The fibre duct, which can be tapped anywhere in 
its length at any time after installation suffers from 
the handicap that it is more liable to damage during 
building operations. The steel duct is obviously more 
robust and can be designed to stand up against rough 
handling incidental to modern building operations. 
The British Standards Institution has recently set 
up a committee to standardise steel underfloor ducts 
and accessories, and the specification should soon be 
available for general use. 








Automatic Boiler and Heating 
Plant. 


In these days of labour-saving and when the inclination 
is towards things automatic, it is interesting to note 
that this angle is being considered very seriously by the 
heating engineer and the boilermaker. 

We are quite accustomed now to hot water boilers 
thermostatically controlled and working in conjunction 
with one or other of the systems using hot water as a 
medium to transfer heat. But an entirely automatic 
steam boiler plant, that requires no attention, other than 
the removal of ashes, working in conjunction with auto- 
matically controlled heating units, which maintain a 
constant even temperature throughout a building, is, 








we think, a step in the right direction. Such an installation 





BOILER HOUSE 


be considered as an integral part of the building of 
the future, from the point of intake to the outlets. 
The electrical load in most large buildings to-day 
makes it necessary for provision to be made for a 
local sub-station at the intake to enable adjacent 
small consumers to be supplied and to ensure con- 
tinuity of supply in the event of the breakdown of 





a feeder. 





has been carried out at the new factory recently erected 
in Edinburgh by James Hall and Co. (Edinburgh), Ltd., 
hosiery manufacturers. 

In this factory, steam was required at 60 lb. pressure 
for operating the steam presses and at a reduced pressure 
for boiling water and cooking purposes in the canteen. 
These requirements represented about 10 per cent. of the 
boiler capacity, so that for many months in the year the 
boiler would require to work under a very light load 








while a long spell of particularly cold weather might 


necessitate a full output. The boiler chosen by the 
consulting engineer to give the greatest efficiency of 
operation under the extreme conditions of loading was 
one manufactured by Wilson Boilermakers, Ltd., Lilybank 
Works, Glasgow, E.1, and known as the “ Wilson ”’ self- 
contained economic or dryback steam boiler, which is 
designed for high thermal efficiency under extremes of 
loading. A specially designed combustion chamber is 
a feature of the boiler. It is designed to ensure complete 
combustion of the gases before they strike the compara- 
tively cold tubes. Firing is carried out by means of an 
Underfeed self-contained type stoker, made by the Riley 
Stoker Company, Ltd., London. The stoker is entirety 
automatic, and is a complete unit in itself, the driving 
motor, forced draught fan, and ducting forming an integral 
part of the machine. 

In order to reduce coal handling to a minimum, the 
boiler-house has been built below the ground level, and 
a large overhead self-trimming bunker, capable of holding 
5 tons of coal, has been erected as shown in the accom- 
panying engravings. The arrangement enables coal to 
be shovelled direct from the coal suppliers’ vehicle into 
the bunker, and no coal whatever is manually handled or 
seen in the boiler-house. 

During working hours the quantity of coal and air 
supplied to the furnace is controlled by means of a small 
pulling motor operated by a pressure-stat. The pressure- 
stat being set to the required steam pressure, it auto- 
matically increases or decreases the amount of fuel and 
air required to maintain a steady steam pressure in the 
boiler. If the pressure rises above that set for steady 
working, a second pressure-stat takes control and cuts out 
the coal feed and air supply entirely, so that the fire goes 
“dead ” and remains in that condition until the pressure 
drops back a few pounds when the feed and forced draught 
are once more cut in. 

The main factory and various departments are heated 
by means of sixteen coppered unit heaters, manufactured 
by the British Unit Heater and Radiator Company, 
London. These units are supplied with steam reduced 
to 20 lb. per square inch, which passes through an all- 
copper heating battery over which a steady stream of 
air is passed and discharged into the building. Distribution 
of the warmer air is under complete control by means of 
adjustable louvres and a separate switching arrangement 
for each heater fan. Automatic thermostatic control 
is installed to each unit, and by this means a constant 
even temperature is easily maintained. The heaters, 
being of small size and compact construction, are mounted 
above the roof trusses and entirely clear of working space 
and mechanical equipment. During the warm weather 
the units may be run without steam, thus circulating air 
throughout the factory. 


The offices are heated by steam, which is further reduced 
in pressure to supply a radiator system in the main 
entrance hall and private rooms, the radiators being 
graded in size so that an even temperature shall prevail 
throughout. This system is controlled by one thermostat 
in the hall, operating a motorised valve on the steam 
pipe to the system. The dining hall and general offices 
are heated by Copperad Units of a silent type, probably 
the first to be installed. They have been found practically 
noiseless in operation. 


The condensate from the various steam traps is carried 
back to a tank in the boiler-house, and from there fed 
to the boiler by means of a Weir pump. A suitable arrange- 
ment for automatically making up any loss in condensate 
is connected to this tank. The feed water is controlled 
by a Thermofeed feed water regulator manufactured 
by Ronald Trist and Co., Ltd., London. It operates a 
control valve fitted on the steam supply pipe leading 
to the feed pump and automatically closes and opens 
this valve according to the water level in the boiler. The 
regulator operates virtually without time lag, the variation 
in the water level in the boiler being not more than about 
fin. A standby injector feed is also provided. The 
boiler is also fitted with a Drayton High-Low water-level 








control connected to an electric bell situated in the 





OVERHEAD COAL BUNKER 


factory. In the event of a failure in the pump this control 
cuts out the stoker and at the same time rings the warning 
1. 


Steam at 60 lb. per square inch is led to the various 
machines for process work and at reduced pressure to 
the kitchen to supply the steam cooking plant installed 
by John Kelly and Son, of Edinburgh, and the calorifier, 
which provides hot water at a maintained temperature 
for the many hand basins throughout the building, the 
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calorifier and plumbing being done by Hugh Twaddle 
and Son, Ltd., Edinburgh. 

Three electric time switches, one to control the Unit 
heaters and two to control the stoker, are provided. One 
stoker time switch is for day control and the other for 
night control, when it cuts in the stoker feed and blows 
up the fire for a matter of five to ten minutes each hour 
during nights and week-ends, and so maintains pressure 
on the well-lagged boiler and keeps the fire alight and in 
good condition. The stoker day control is timed to start 
up the stoker at 7 a.m., so that full pressure may be 
raised in the boiler in readiness for the starting hour at 
8 a.m. The time switch for the heaters is timed to start 
the Unit heater motors at 7.30 a.m., thus ensuring a 
comfortably warm building at the start of the day. The 
heating during the day from 8 a.m. until 5 p.m. is entirely 
controlled by the thermostats. At 5 p.m., an hour before 
the end of the working day, the unit heaters are “ cut 
out ” by the time switch, and at 6 p.m. the stoker time 
switch cuts out the stoker and automatically puts it 
on to night control. Both time switches are also arranged 
to control the plant automatically without attention 
during week-ends. This means, therefore, that the boiler 
can be left on Saturday mid-day operating on “ night 
control” conditions, and that on Monday morning at 
8 a.m. steam will be raised to the required working pressure 
and the building comfortably heated. 

The heating and ventilation was carried out by Meikle 
and Philp, Ltd., West Bowling Green-street, Leith, while 
the whole scheme was designed and erected under the 
supervision of Dr. J. Irvine Carswell, consulting engineer, 
Edinburgh. 








Special Gantry Crane. 


A SPECIAL method of construction for large gantry 
cranes has been developed by Ardeltwerke G.m.b.H., 
of Eberswalde, to render them both easy of erection 
and removal to a fresh site. The photographs reproduced 
on page 462 will show clearly the general arrange- 
ment of this type, the crane illustrated being suitable 
for a 75-ton load, with a span of 41ft., and a working 
height of 22ft. 8in. The sequence of operations for the 
erection is as follows :—The main girder, when loaded 
on a railway truck, as shown in Fig. 1, is mounted on a 
turning disc supplied with the crane, and suitably secured 
to the platform of the truck. When the crane has to 
be erected, the crane track has first of all to be laid on 
each side of the main girder, so that on turning the 
latter through 180 deg. the distance between the travelling 
ways corresponds with the width of the girder. A suitable 
rail track and short sleepers are supplied by the makers 
of the crane. Fig. 2 shows the crane turned through 
180 deg., but with one leg still to be assembled; these 
legs are in sections, so arranged that each section can 
be handled by four men for aligning and bolting together. 
In this illustration it will be seen that two sections of 
the near left-hand leg have already been assembled, 
while the third is to be seen in the foreground. When the 
legs are assembled, the travelling feet or end pieces are 
next placed into position on the crane track and bolted 
to the legs, after which the wire ropes are attached, 
and the legs drawn together by means of the winding 
gear, which can be seen on the left-hand of Fig. 3. The 
raising of the crane to its full height is illustrated by 
Figs. 3 and 4. When fully raised the feet on each 
side are connected by a link. The drive shown on the 
right of Fig. 3 is the travelling gear for the crane. All 
cranes of this type built up to the present have been 
of the hand-operated type, but naturally it is an easy 
matter to arrange for either electric motor or oil engine 
drive. In the case of the 75-ton crane illustrated, the 
assembly and erection can be effected by twelve unskilled 
men and a mechanic in six hours, while to take down and 
reload on a suitable truck takes only five hours. 

For moving the main girder from one place to another 
two caterpillar trucks are provided. These trucks are 
provided with raising and lowering gear to which the 
girder is attached, and it is possible by means of the 
ratchet drive to raise, lower, or move the girder sideways. 
This drive is so arranged that it can be uncoupled from the 
caterpillar truck and used as a hauling gear. 

The method of construction, it is claimed, makes this 
type of crane specially suitable for large stock yards 
where easy erection or removal may be necessary. Such 
a crane enables a large stock to be carried spread over 
an extensive space instead of piling stock one upon another 
with corresponding waste of time in lifting and replacing 
material which is not immediately required. It is also 
very useful for railway work on account of the ease 
with which it can be removed from one place to another. 
It will also be seen that a very considerable advantage 
of the construction is that no special scaffolding or lifting 
tackle is required for erection of the crane, and the work 
can be readily undertaken by unskilled labour. 

The following are particulars of the speeds, &c.:— 


Lifting speeds : 
(1) Eight men per 20-kilos. chain pull at 30 m. per minute. 
v=0-045 m. per minute. 
(2) Eight men per 20-kilo. chain pull at 30 m. per minute. 
v=0-11 m. per minute. 
Traverse (full load) : 
Four men per 20-kilo. chain pull at 30 m. per minute. 
v=0-65 m. per minute. 
Travel (full load) : 
Four men per 15-kilo. on crank at 30 turns per minute. 
v= 1-2 m. per minute. 
Elevation : 
Four men per 15 kilos. on crank at 30 turns per minute. 
v=0-1 m. per minute. 
Caterpillar travel (with main girder) : 
Two men per 12} kilos. on ratchet at 40 double ratchet 
strokes per minute. v=0-17 m. per minute. 
Caterpillar travel (without main girder) : 
Two men per 12} kilos. on ratchet at 40 double ratchet 
strokes per minute. v= 0-34 m. per minute. 
Caterpillar spindle (raising main girder) : 
One man per 12} kilos. on ratchet at 40 double ratchet 
strokes per minute. v=0-01 m. per minute. 
Caterpillar spindle (lowering without load) : 
One man per 124 kilos. on ratchet at 40 double ratchet 
strokes per minute. v=0-04 m..per minute. 





American Engineering News. 


Power Supply in the United States. 

Electric power generating capacity under private 
enterprise in the United States, omitting all Government 
development, has an aggregate ofsome 51 million kilowatts 
of which public utility plants represent 36 million and 
industrial plants 15 million. Also fuel plants represent 
nearly 40 million kilowatts, with hydro-electric plants 
for the remainder. It is estimated that an average utility 
plant requires an investment of £93 per kilowatt of capa- 
city, or £104 per customer. Of this amount, 38 per cent. 
is invested in generating equipment, 24 per cent. in trans- 
mission lines, and 38 per cent. in local distribution systems. 
This is based on a population of 123 million persons. 
There were 2430 kilowatt-hours per kilowatt, or 625 
kilowatt-hours per inhabitant per year. Annual fuel 
consumption is about 30,575,000 short tons of coal; 
9,944,000 barrels of oil, and 102,600,000 cubic feet of 
natural gas ; or the coal equivalent of 2,467,000 tons for 
oil and 4,120,000 tons for natural gas. Undeveloped 
hydro-electric power is estimated at 53 million kilowatts 
for 1883 plants, with an annual output of 275,000 million 
kilowatt-hours. 1 the country as a whole, the power 
output is only about one-tenth of the power yet un- 
developed. As to coal resources, the present amount 
mined is only 25 billion tons, out of a total of 3000 billion 
tons, while the consumption averages 600 million tons 
per year. A Government report lists the generating capa- 
city in 1932 as 34,623,000 kilowatts. with 24,485,000 for 
steam, 9,540,000 for hydro-electric, and 598,000 for 
internal combustion. There is an obvious trend to larger 
and larger units. This is specially the case with steam 
plants, where for ten years the trend has been towards 
units of more than 30,000 kW, while the average efficiency 
of steam plants has been about 16,000 B.Th.U. per kilo- 
watt-hour, with a range of 14,000 to 18,000. Only about 
25 per cent. was produced at an efficiency below 14,000. 
Transmission line circuits aggregate nearly 252,000 miles, 
with a range from 6-6 kV to 285 kV, the maximum being 
on a Boulder Dam line. 


Mine Shaft Bored in Rock. 


A special development in the sinking of mine 
shafts is the boring or drilling of a shaft 5ft. in diameter 
and 1125ft. deep at the Idaho-Maryland mine in California. 
And a special feature of the equipment is that no drill 
rods were used, as work with large core drills had given 
trouble by the rods whipping or vibrating, while the 
connecting and disconnecting of the rods involved excessive 
loss of time. The drill designed for this purpose con- 
sisted of a cylindrical cabin 5ft. in diameter and about 
10ft. high, suspended from a cable. Six jack screws 
around the circumference enabled the cabin to be anchored 
securely in the hole. Through this chamber passed a 
vertical splined shaft, driven from a 40 H.P. motor by 
a chain and bevel gears. A thrust bearing on the shaft 
could be raised or lowered, thus controlling the weight 
on the cutting edge or shoe. An ammeter indicated the 
friction developed by the drill, and the motor was pro- 
tected by overload and non-voltage releases. An operator 
rode in the cabin, a roof of }in. steel plate protecting 
him from falling rocks. Attached to the end of the 
splined shaft was a core barrel 5ft. in diameter and 
15ft. long. -To this was riveted a cutting ring or shoe, 
as detachable shoes were found unsatisfactory. After 
slow experimental work the machine averaged about 
85ft. per month, and later this was raised to 148ft. Cores 
were taken in 7ft. lengths, weighing about 11 tons. At 
first there was difficulty in bringing up such large blocks, 
but this was overcome. The crew consisted of a drill 
operator in the cabin and a helper on the surface, the 
latter attending to the cable hoist. For three shifts per 
day there were six men, with a foreman. Guides for the 
mine cages were bolted directly to the rock, and the 
cage area was 80 per cent. of the total area of the shaft. 
While in a shaft excavated by blasting and lined with 
timbering, the cage area would have been only about 
30 per cent. of the shaft area. 


New Mississippi River Bridge. 


The latest of several long bridges built in recent 
years across the Mississippi crosses the river at Hannibal, 
home of Mark Twain, and is for highway traffic exclusively. 
Until now, road traffic has used a railway bridge which 
has its. floor paved between the rails, but this is quite 
inadequate for the dense automobile and motor truck 
traffic of these days. In the new bridge, the main feature 
is a continuous truss 1125ft. long, forming two spans. 
This: is flanked at each end by a 300ft. truss span, all 
these being through trusses. Deck spans constitute the 
approaches. The continuous truss structure gives two 
navigable openings of 550ft. clear width and a clearance 
of 55ft. above high water level. As compared with 
alternative designs for two simple or independent 
spans, it showed advantages in less weight of material 
and in adaptation to erection by the cantilever method. 
From the west end, the continuous truss was cantilevered 
successively to three steel falsework frames or supports, 
and: then to the middle pier. Beyond this pier it was 
cantilevered 376ft. to an intermediate steel falsework 
support, and thence to the third pier. All this erection 
was handled by a crane travelling on the deck of the 
bridge. With trusses spaced 27ft. 6in. on centres, there 
is a concrete roadway 22ft. wide between the kerbs, and 
no footwalks are provided as there is practically no 
pedestrian traffic. The assumed live load, conforming 
to the standard of the American Association of State 
Highway Officials, consists of loaded motor trucks of 
20 tons gross weight, having 80 per cent. of the weight 
on the rear axle ; truck wheel base, 14ft.; width between 
centres of rear wheels, 6ft.; both traffic lanes loaded 
with such trucks for a distance of 60ft. The bridge 
spans comprise 1600 tons of carbon steel and 1040 tons 
of silicon steel. In the total cost of £135,000 the steel 
superstructure represented nearly two-thirds, or about 
£80,400. 


American Housing Experiments. 


One of the developments in studies of the housing 
problem in the United States is the construction of five 





houses of different types of economical design near 
Purdue University, to be occupied by professors who 
will keep account of operating, maintenance, and repair 
expenses. The cost in each case is less than £1000, and 
each house is designed for a family of four—man, wife, 
boy, and girl. The first is a two-storey building of timber 
frame, with 2in. by 4in. studding and floor joists, and 
having the exterior covering of cement stucco applied 
on metal lath with paper backing. The interior finish 
is of jin. plywood, painted. The walls are 4in. thick, 
and walls and roof are insulated with a packing of mineral 
wool. The first or ground floor is a 3in. concrete slab 
covered with a layer of insulation and #in. wood blocks 
laid in mastic. The second floor is of wood. Another 
house has walls of reinforced concrete, with precast 
8in. concrete joists for floors and roof, on which is a 
poured concrete slab, 24in. thick. The walls are 6in. 
thick, covered on the inside with jin. furring, insulating 
board }in. thick, and }in. of plaster. For the roof, the 
slab is covered with lin. insulating board and an asphalt 
surfacing. A third building, one-storey high, has a 
light stee] frame and concrete floor. The walls are about 
lin. thick, consisting of an exterior sheet of cement- 
asbestos board, two air spaces separated by aluminium 
foil, and an interior sheet of fin. plywood. Roof panels, 
2hin. thick, have two sheets of plywood and three air 
spaces formed by two sheets of aluminium foil. Another 
two-storey house is of typical timber framing, with walls 
Sin. thick, having varnished sheets of plywood for the 
interior finish. Mineral wool for insulation is packed 
into the walls and roof. The fifth building is of steel, but 
without framing, the walls and roof being of hollow 
panels of sheet steel, painted on exterior and interior 
surfaces. The walls are 3in. thick, with mica filling for 
insulation. Roofing is of asphalt-felt on lin. insulating 
board on the steel panels. This building is one-storey 
high. with concrete floor slab. 








BRITISH STANDARDS INSTITUTION. 


All British Standard Specifications can be obtained from the 
Publications Department of the Institution at 28, Victoria-street, 
London, S.W.1. in: dla lita innate 2d. post 
free, unless otherwise 


ALUMINIUM ALLOY CASTINGS. 

Nos. 702-3-4—1936. The Institution has recently 
published the following three specifications :—No. 
702—1936, Silicon Aluminium Alloy Castings for General 
Engineering Purposes; No. 703—1936, Y-Alloy Castings 
(as cast) for General Engineering Purposes; No. 
704—1936, Y-alloy Castings (Heat Treated) for General 
Engineering Purposes. These specifications apply to a 
wider field than the respective British Standard Aircraft 
Specifications L.33, 2 L.24, and L.35, with which they are 
generally in accord, differing, however, in that relaxations 
are permitted which would not be justified in the case of 
the aircraft alloys. The principal differences are that the 
aluminium used in the alloy may be of 98 per cent. purity 
instead of 99 per cent. specified for aircraft, and the repair 
of slight defects, not affecting the suitability of the casting 
for any duty for which it is designed, is permitted subject 
to the purchaser’s sanction. Provision is also made for a 
porosity test to be carried out when the purchaser has 
stated in his inquiry and order that he wishes it done, the 
nature of the test, the test pressure, and the testing fluid 
being, however, left to agreement between him and the 
manufacturer. 


DETERMINATION OF THE AGGLUTINATING 
VALUE OF COAL. 

No. 705—1936. The suitability of a coal for many 
industrial purposes depends to a great extent upon the 
properties of the solid residue remaining after carbonisa- 
tion, and as the caking or agglutinating property of a coal 
largely affects the nature of this residue, it is desirable 
that some comparative measure of agglutinating properties 
should be available. The Institution has given careful 
consideration to methods that have been devised, in this 
country and abroad, for comparing the agglutinating 
properties of coals, and the conclusion has been reached 
that of the existing forms of test the Gray-Campredon 
affords the most reasonable comparison. Investigations 
have shown that modifications are desirable in the test 
as previously and these alterations have been 
incorporated in the method now proposed. The test 
recommended is essentially intended for the grouping of 
coals according to their agglutinating values, and is 
proposed so that experience may be gained of its utility 
in the carbonisation industries and in the coal export 
trade. The specification will be reviewed after two years’ 
experience has been gained of its working. The agglutinat- 
ing value is, for the purpose of this test, defined as the 
maximum ratio of sand to coal which, upon carbonisation, 
will give a coherent mass capable of supporting a 500 g. 
weight, the proportion of loose powder being less than 
5 per cent. of the weight of sand and coal. One of the 
most difficult problems which the committee responsible 
for this specification had to face during the preparation 
of the method was the provision of a reliable standard 
sand for use in the test. The Institution is indebted to 
the Director of Fuel Research, who has assumed the on- 
sibility for the provision of a sand in accordance with the 
specification. 








Tue InstiruTIoN oF MECHANICAL ENGINEERS.—On 
Thursday, October 22nd, the annual dinner of the Institu- 
tion of Mechanical Engineers was held at Grosvenor 
House, Park-lane, London. There was a record attendance. 
The dinner began at the somewhat early hour of 7.15 p.m., 
in order that there should be time for informal conversation 
when the “ speeches ”’ were over. The toast of “ The 
Guests ’’ was proposed by Sir John Thornycroft, and the 
Earl of Crawford responded wittily. Mr. Walter Runciman, 
President of the Board of Trade, in proposing the toast of 
“The Institution,” gave some statistics showing the 
improvement: in trade and in industrial activity since the 
financial crisis. Sir Nigel Gresley, the President of the 
Institution, made a suitable reply. 
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Markets, Notes and News. 


The prices quoted herein relate to bulk quantities. 
f.o.b. steamer. 


Steel Import Licences. 


Interest inthe steel trade at the moment is 
directed to the effects which the introduction of licences 
for steel imports on November 4th will have upon the 
British market. The system is novel, inasmuch as it 
provides for two rates of duty, one ranging from £2 to £8 
per ton on materials imported without licences, whilst 
the other is fixed at 20 per cent. on material accompanied 
by a licence and a certificate of origin. The licences, 
however, will be issued only in respect of quota steel, 
which will be supplied entirely by the industries included 
in the Cartel. The annual quota is now limited to 525,000 
tons, but it has on occasion been found necessary to 
increase the quantities of semi-finished steel admitted 
under this arrangement, and presumably if the need were 
to arise again additional licences would have to be obtained 
by the British Iron and Steel Federation and passed on 
to the Continental industries. It is noteworthy that 
pig iron is not included in the list of articles for which 
licences will be required, but then practically no Con- 
tinental pig iron has been imported into this country 
for some years. Imports from India, of course, are not 
affected, as they are free under the Ottawa Agreement, 
and Russia, the only other importing country of note, is 
not a member of the Cartel. The importation of 60,000 
tons this year was arranged by British producers when 
fears were entertained of a serious shortage of basic iron. 
That danger seems to have passed, and it may be some 
time before we again hear of large imports from Russia. 
No doubt the possibility of the competition of Russian 
steel in the not distant future is in the minds of many 
British steel makers, but in that event the British market 
should be adequately protected by the higher range of 
duties. The introduction of the licensing system was held 
up for a time by difficulties which arose on points of 
detail, and this has caused delay in releasing the Con- 
tinental quota for the fourth quarter of the year. It 
was expected that this steel would become available for 
British buyers early in October, but it seems likely now 
that it will be November before it will reach the 
market. Consumers have suffered some inconvenience 
from the delay, and there is a strong feeling that in the 
future these releases should be made at regular intervals, 
that steps should be taken to see that the imports are 
freely distributed, and that no opportunity is given to 
charge premiums on the official prices. 


The Pig Iron Market. 


The position in the market for foundry iron 
remains unsatisfactory, and although the makers claim 
that no users have actually gone short of iron, there have 
been numerous instances in which the margin of safety 
has been very narrow. Naturally, consumers are inclined 
to protest that too large a proportion of basic iron is 
being produced, but the pig iron makers point to the fact 
that it has been necessary to import considerable quan- 
tities of Russian basic to meet the demand from the steel 
makers. In these circumstances there would seem little 
likelihood of the make of foundry iron being increased 
unless additional furnaces are put into operation. No 
doubt this will be done if the demand is maintained, 
but not until the outlook regarding the supply of coke 
and ore is more assured than at the moment. The question 
of price, too, has again come to the front, and it is reported 
that the makers of hematite have applied for official 
permission to raise their quotations. Foundry makers also 
are warning their customers that prices may be raised 
sooner than expected, and as the general view had been 
that quotations were fixed until next March this has 
created some dissatisfaction. On the North-East Coast 
the producers of Cleveland iron are limiting their sales to 
small parcels to meet the immediate needs of their 
customers. So difficult is it to obtain supplies of No. 3 
foundry that in some cases No. 4 foundry and special 
qualities have been accepted against running contracts. 
In the Midlands the tightness appears to be gradually 
increasing, as the consumption is well above the output. 
There are, however, stocks of iron in Derbyshire, although 
the Northamptonshire furnaces have but little in the way 
of reserves. In the Lancashire market there has been a 
considerable volume of business transacted in contract 
renewals and in some cases deliveries have been arranged 
for until the end of May next year. Steady conditions 
continue to rule in the Scottish market and the whole 
output of the seven furnaces producing foundry quality 
is passing into immediate consumption. The light 
castings industry is well employed and is taking a heavy 
tonnage, but complaints are general of the difficulty of 
obtaining sufficient Cleveland iron. In the hematite 
market the position has not changed much. New business 
is not easy to arrange as the producers are well booked. 
Heavy deliveries are being made to the steel works and 
the report that a furnace at Workington with a weekly 
output of 2700 tons is to go out of commission has not 
lessened consumers’ worries. 


The Midlands and South Wales. 


The consuming industries in the Midlands, par- 
ticularly the structural engineers, are busily employed 
and can see their way to maintain the present rate of 
operations for several months. Their chief difficulty is 
to secure supplies of steel on the dates required. Most 
of the constructional firms covered their prospective 
needs weeks ago, but in many cases additional business 
which has since come to hand has forced them to come 
on the market again, and with delivery periods at the 
steel works gradually extending they are suffering a 
considerable degree of inconvenience. It is probable 
that the demand for joists and sections has never been 
heavier, and those firms which want near delivery have 
to search the market thoroughly before they can find a 


'n placing orders if the situation of their works necessitates 
heavy freight charges. Business in plates has increased 
considerably in volume lately owing to the additional 
requirements of wagon builders, tank makers, locomotive 
engineers, and other consumers. The motor car works con- 
tinue to take good tonnages of sheets of special quality, and 
at the same time there is a good general demand for ordinary 
C.R.C.A. sheets. Export trade, however, does not develop 
in accordance with expectations aroused by the formation 
of the International Cartel. At present the general export 
price for British sheets is £12 10s. f.0.b., the Continental 
makers’ quotation being £12 5s., but it would not be 
surprising if these prices were again raised at the next 
meeting of the Cartel early in November. The re-rolling 
works are in a satisfactory position with regard to the 
work in hand and offering, and to a large extent their 
fears of a shortage of billets have been removed by the 
arrangements for additional supplies from the Continent. 
Many firms, however, require British billets for the work 
upon which they are engaged, and the producers of 
British semi-finished steel are badly behind with deliveries. 
Fresh plant is likely to be put into operation later on 
in the year, which will relieve the situation; but at the 
moment the demand is well in excess of the supply. In 
South Wales market conditions are satisfactory. The 
tin-plate works are operating at about 65 per cent. of 
capacity, and lately a considerable tonnage of export 
orders was placed, as overseas buyers were under the 
impression that the price might be raised at the meeting 
of the International Tinplate Association held last week. 
It was decided, however, to make no alteration in the 
quotation, which has remained unchanged since October, 
1935. The existing arrangements, which would have come 
to an end on December 3lst, have been prolonged for 
another year. 


The North-East Coast and Yorkshire. 


The only change to be seen in the condition of 
the steel markets on the North-East Coast is that the 
producers are finding it more and more difficult to meet 
fully the demands of their customers. A huge tonnage of 
joists, plates, and sections is being produced but is being 
absorbed without difficulty by the consuming industries. 
All the constructional engineers in this area have orders 
on their books sufficient to keep them employed for 
months to come, and as the periods uired for the 
execution of orders at the steel works lengthen, so the 
troubles of consumers with regard to deliveries increase. 
It is generally agreed that the steel makers are doing 
their utmost to make a fair distribution of production 
amongst their customers ; but in several cases they are in 
arrears on contracts. In the semi-finished steel depart- 
ment the arrangements which have been made for increas- 
ing the quantities of Continental steel available have 
brought some relief to consumers, but the pressure to 
obtain British material is unrelaxed, since so many of 
the contracts held by users specify ‘‘ British steel through- 
out.”” The plate makers are fully booked for several 
months to come, and are avoiding rather than seeking 
new business. Trade in sheets, however, good as it is 
on home account, is still weak on the export side. For 
some time past the demand for sheets of special finish 
has been expanding, and has now reached such proportions 
that in the case of some qualities it is difficult to place 
orders, excepting for far forward delivery. There is a 
fair amount of railway work in hand, but recently some 
of the contracts have been completed and several of the 
mills would be glad to obtain fresh orders. In the Sheffield 
district the principal feature is the extraordinary demand 
for basic steel billets, and the pressure in this department 
appears to be growing. A less active business has been 
transacted in acid carbon billets, but the tendency in 
this market, glso, is for users’ requirements to expand. 
Business in wire rods has been on a heavy scale lately, 
and it is suggested that this is partly because users fear 
that their supplies from Canada may be restricted if an 
agreement is reached between the British Iron and Steel 
Federation and the Canadian steel makers. Special 
steels of the descriptions produced largely in Sheffield 
are in strong request, and a heavy business is being 
transacted in stainless steel. 


Current Business. 


The Lamport and Holt Line, Ltd., has ordered 
two motor cargo liners of 10,000 tons each d.w. from 
Harland and Wolff, Ltd., Belfast. Extensions to be 
made to the Austin Motor Company’s works at Long- 
bridge, Birmingham, will comprise a new drop-stamping 
shop and steel stores. Twenty-two steam stamps will 
be installed of the latest design, which will quadruple 
the output of stampings. The work, it is estimated, will 
cost upwards of £70,000. Vickers-Armstrongs, Ltd., 
have reopened their Elswick foundry, which has been 
out of operation for seven years. The tender of John 
M. Henderson and Co., Ltd., Aberdeen, has been accepted 
by the Belfast Harbour Commissioners for a 15-ton 
electric crane at the Thompson Graving Dock. Partridge 
Jones and John Paton, Ltd., have acquired the colliery 
and subidiary undertakings of the Ebbw Vale Steel Iron 
and Coal Company, Ltd., apart from those already 
disposed of to Rd. Thomas and Co., Ltd. The North 
British Locomotive Company, Ltd., Glasgow, has received 
a contract for the supply of 100 locomotive axle-boxes 
for the Bombay, Baroda and Central India Railway 
Administration. The engines for a 10,000-ton vessel 
to be built by W. Pickersgill and Sons, Ltd., will be 
supplied by Richardsons, Westgarth and Co., Ltd., 
Hartlepool. The General Electric Company, Ltd., has 
been awarded the contract for relighting 133 miles of 
streets for the Birmingham Corporation, representing 
nearly a quarter of the total mileage controlled by that 
body. The manufacture of the Harnischfeger excavator 





supplier. Small users in particular seem to have difficulty 





Unless otherwise specified home trade quotations are delivered f.o.t. 
A comprehensive list of the prices of materials mentioned below will 


Export quotations are 
be found on the next page. 


and Co., Ltd., Sheffield, from the Harnischfeger Corpora- 
tion, Milwaukee, U.S.A. The Department of Overseas 
Trade reports that the following contracts are open for 
tender :—Victorian Government Railways Commissioners : 
One 400 B.H.P. continuous rating Diesel-electric shunting 
locomotive, complete with auxiliary and protective 
equipment (Australia, December 16th). Argentine State 
Oilfields Directorate: Seamless steel cylinders and 
pressure regulators for propane (super gas), also certain 
cylinder fittings and sheet steel cabinets to take super- 
gas sets (Buenos Aires, November 18th). New Zealand 
Public Works Department: Electric motor-driven centri- 
fugal pump (Wellington, December 8th). South African 
Railways and Harbours: Bolts, nuts, rivets, screws, and 
washers for Sanction Schedules No. 353, 354, and 351 
(South Africa, November 23rd). Montevideo, State 
Electricity Supply and Telephones Administration : 
Tron and steel bars, black and galvanised iron wire, 
black and galvanised iron sheets, extra flexible galvanised 
steel cable, and galvanised iron pipes and fittings (Monte- 
video, December 21st). 


Copper and Tin. 


TuE steady advance in the export price of electro- 
lytic copper as the result of active buying brought the 
quotation to between 10-15 c. and 10-20 c., or £46 15s., 
whilst the American domestic price remained unaltered at 
9-75 c. It was obvious that the copper producers would 
not view this position with favour, since its continuance 
would mean that the Americans would be able to obtain 
better prices by exporting than selling their copper in 
their home market. It was not surprising, therefore, that 
at the beginning of this week another announcement of 
an increase in production was made, the rate of curtail- 
ment being reduced from 15 per cent. to 5 per cent. of the 
agreed standard outputs. It will, of course, be some time 
before the additional copper will reach the market. A little 
later in the week the domestic price in the United States 
was advanced to 10c., whilst the export quotation remained 
practically unchanged. So far the announcement has had 
little effect upon prices, but the demand is so strong and 
near copper has become so scarce that there seems a pro- 
bability that for a time values will continue to show a rising 
tendency. The London standard market was more sensi- 
tive and prices reacted rather sharply. There had been 
a fair amount of bull buying and ‘holders took the oppor- 
tunity of taking profits whilst they could. There is, how- 
ever, still a substantial bull account outstanding. ... In 
spite of the uncertainty felt in the tin market with regard 
to the position of Siam and the International Tin Restric- 
tion Scheme, a firm tone has ruled. The history of trade 
negotiations of the sort which have been taking place 
between the Committee and the Siamese Government 
supports the view that last-minute agreements are fre- 
quently reached. It is reported, however, that negotia- 
tions have ceased and the Committee will now consider 
continuing the scheme without the inclusion of Siam, and 
that if later on that country wishes to join it will have to 
do so on more onerous terms than those which were 
recently offered. Until the announcement is made, 
however, that negotiations have been definitely broken 
off, it would be unwise for the market to accept any reports 
of this character. The industrial demand for the metal 
has shown some improvement lately, but buying by the 
chief consuming countries has been irregular. America 
has bought heavily on occasion, but transactions with 
the Continent have been limited to small tonnages. 


Lead and Spelter. 


Only narrow price movements occurred in the 
lead market during the past week, but this was no 
more than was expected after the comparatively long 
period during which prices have moved steadily upwards. 
There has been no change in underlying conditions, and 
although there is always some lessening in the demand 
for lead products from the building industry at this season 
of the year, it has not had a noticeable effect upon the 
market. The arrival in this country of 2000 tons of 
Mexican lead had practically no influence upon the 
position, and the backwardation of ls. 3d., which dis- 
appeared for a short time, has again been in evidence. 
Most of this metal went direct to consumers, but it is 
understood that a proportion was taken up by strong 
interests, and put into bonded warehouse. A few small 
parcels of lead seem to have been exported from Spain, 
and some of this has appeared on the German market, 
but there is a probability that tight conditions will develop 
in those markets which have been accustomed to rely 
largely upon Spain for their supplies. A new works, 
however, will shortly be started in France by the Penar- 
roya group, which owns large mines in Spain, and this 
should help to relieve the position. The new smelter will 
have an annual productive capacity of 50,000 metric 
tons. Lately there has been a certain mount of profit- 
taking on the London market.... Prices in the spelter 
market have fluctuated rather sharply, principally as the 
result of the recent speculative activity. At the higher 
price levels there was a fair amount of profit-taking which 
caused a recession in values, but later fresh specula- 
tive interest was shown in the metal, and quotations 
again advanced. Sentiment in this market seems to be 
gradually improving, although it is difficult to see any 
material change for the better in the situation. The chief 
argument in favour of the metal is that it is cheap at 
present prices, but the statistical position must remain 
unfavourable, whilst no attempt is made to limit outputs. 
American figures give the world production of zinc in 
September as 132,882 tons, against 136,314 tons in 
August, and the production for the first nine months of 
this year as 1,194,280 tons. Since the end of June, how- 
ever, no returns of production have been received from 





in this country has been taken over by Newton, Chambers 





Italy or Spain, and estimates on this point vary widely. 
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Current Prices for Metals and Fuels. 


Makers’ official home trade prices per ton, delivered buyers’ stations. 
plates and sections, 15s. 


British Steelmakers: joists, 22s. 6d. ; 
PIG IRON. 
Home. Export. 
(D/d Teesside Area) 
N.E. Coast— 2. a > ea. 
Hematite Mixed Nos.*.. 4 5 0.. 314 6 
No. 1 is fuga, Welieie ern renecot 315 0 
Cleveland-— (D/d Teesside Area) 
No. 1 ‘ 317 6 
No. 3 G.M.B.. 315 0 
No. aiees .; & 2.5: '@:.> 
Basic (Less 5/- inate. 315 0 
MipLanps— 
Staffs.— (Delivered to Black Country Station) 
North Staffs. Foundry .. 4 0 0.. 
” Se A a eS 
Basic (Less 5/— rebate)... 315 0.. -- 
Northampton— 
Foundry No.3 .. .. 317 6.. - 
ee Se - e eAR - 
Derbyshire— 
No. 3 Foundry . 40 0 — 
eget. EEO - 
ScorLanp— 
Hematite, f.o.t. furmaces* 4 5 6. _ 
No. 1 Foundry, ditto om a 
No. 3 Foundry, ditto 319 0. 
Basic, d/d (Less 5/- rebate) 3 15 0. 
N.W. Coast— { 4 5 6d/d Glasgow 
Hematite Mixed Nos.* 411 0 ,, Sheffield 
(4 17 0 ,, Birmingham 
* Less */— rebate. 
MANUFACTURED IRON. 
Home. Export. 
Lancs. AND YORKS.— 8 2 a: @, 
Crown Bars 1010 O.. 10 0 0 
Best Bars ve... ©...» 10 12 6 
MrpLanps— 
Crown Bars cs oe ee 10 0 0 
Marked Bars (Staffs.) .. 13 0 0. 12 10 0 
No. 3 quality Ce fair Se — 
No. 4 quality Se a ae _— 
ScorLanp— 
Crown Bars 1010 O.. 10 0 0 
Best.. . 2's O. 10 12 6 
N.E. Coast— 
Common Bars 1010 O. 10 0 0 
Best Bars Ma a -@) 0.5. 10 12 6 
Double Best Bars 00:38 Oso. 11 10 0 
NORTHERN IRELAND AND FREE StaTE— 
Crown Bars f.0o.q. .. a -- 
STEEL. 
LONDON AND THE SouTH— Home. Export. 
2 Gs ¢ «a. d. 
Angles e.2: o. *8 0 0 
Tees.. o@ 2s. 79-9 0 
Joists : p60 a eS *8 0 0 
ee ae Cat ae *§ & O 
Rounds, 3in. and up 10 2 6. 79...0;.0 
iy under 3in. pots Orb. 8 2 6 
Flats {00333 ARG Seg 8 2 6 
Plates, jin. (basis) .. 912 6. 8 5 O 
= SEE OES Si 8 10 0 
é Bie Aline 9 (21 6.. 1815 0 
és yin. . 6.27 2B 79 0 O 
Un. % to pin. ‘liek 10 0 0. 910 0 
NortH-East Coast— 4 a ad, . - @ 
"Sean i Se *8 0 0 
Ria ce pele cae BBD *9 0 0 
pele: 46. sstiskenan DORIS *8 0 0 
Channels. pte rin i Greet Hi. «8 
Rounds, din. and up 16 O''O ? 0-0 
” under 3in. ia. am he 62 6 
Plates, jin. (basis) G..F #5. 78 5 O 
» fyin. .. 9:12 ¢. 78 10 0 
re tin. .. OST: B's: 78 15 0 
5 yin. . 10 2 6. 79 0 0 
. # to fin. ‘el, te i, ae 910 0 
mas Plates, din. ot wae eo 817 6 
MIDLANDS, AND LEEDS AND DistTRIcT— 
£ s. d. % aid. 
Angles O° OK o". *8 0 0 
Tees.. 10 00. *9 0 0 
Joists ai es *8 0 0 
Channels. . , 28 . “5,5, © 
Rounds, 3in. and up 10 00. ag 
- under 3in. 9 7.0. 8 2 6 
Flats, 5in. and under O 3:38 Ox. 8 2 6 
Plates, jin. (basis) .. 910 0. 78 5 0 
= AT, 0:6: xe o«- SA @; 78 10 0 
i ORs 055 5 /5-,, ae 7815 0 
ents ae i ie, 8:0 79:10 O 
Un. FE ip <b Or€B Ox. 9 0 0 
Boiler Plates, jin. 30 OO: 817 6 


tSouth Africa 5s. 


STEEL (continued). 


GLascow AnD DistrRict—- 

Angles 

Tees. . 

Joists 

Channels. . 

Rounds, 3in. int up 

rt under 3in. 

Flats, 5in. and under 


Plates, jin. (basis) 
56S 
” fin. .. 
a. ee 


Un. ¥ to fin. iicol, 
Boiler Plates .. 


Soutna Wa.tes AREA-— 
Angles 
Tees. . 
Joists 
Channels. . 
Rounds, 3in. and up 

” under 3in. 

Flats, 5in. and under 


Plates, jin. (basis) 
ae ee 
fin. .. 
frin. . 
Un. & to fin. imal. 


IRELAND—F.0.Q. 


Angles 

Tees. . 

Joists 

Channels. . 

Rounds, 3in. and up 
” under 3in. 


Plates, jin. (basis) 
ae * Sees 
*» din... 
» in. . 

Un. ~ to in. at 


OTHER STEEL MATERIALS. 


Sheets. 
14-G. to 20-G., d/d 
21-G. to 24-G., d/d 
25-G. to 27-G., d/d 


Home. Export. 
£s. d. £. o..4 
4,,4@.8. *8 0 0 
10 00. *9 0 0 
Ey es *8 0 0 
950. *8 5 0 
Ge ov. *9 0 0 
: ct ee DA 8 2 6 
v2. Bes 8 2 6 
Oy 1318's 8 5 (OO 
913 6. 8 10 O 
oar 7 @'. 78 15 O 
0 2 6. 19 O 0 
a! oe 910 0 
ity ie 817 6 
fed. £ s. d. 
i a a 3 0. 0 
10 00. 79 0 0 
o> «f. *8 0 0 
OB .10.4 *8 5 0 
oS 0. *9 0 0 
e 7 <. 8 2 6 
ee pos, 8 2 6 
910 0. 18 5 0 
915 0. 18 10 0 
10 0 0. #815 0 
a oe ee ‘a 9 0 0 
| i Tee 910 0 
Bewrast. Rest or IRELAND. 
sand Saad 
uae es ace 2 = 
Dee ue aPes 10 7 6 
fh: ax Tee 915 0 
9.28. .@:.. 912 6 
IQ): Br Gin 18 if 
@ So: 8 5 0 
Wits. os +915 0 
Te 110 0 90 
10 2 6. tlo 5 O 
16> 7, @a +10 10 O 
10 2 6. 10 5 0 
Home. Export. 
£ s. d. £ s. d. 
TE TS OMEN. 10 5 0 
a a we ee ee 10 10 0 
- 2 i gene. un. 2 


The above home trade sheet prices are for 4-ton lots and over ; 
2-ton to 4-ton lots, 10s. per ton extra; and under 2-ton lots 


30s. per ton extra. 


Galvanised Corrugated Sheets, Basis 24-G.— 


Home. 
4-ton lots and up 
2-ton to 4-ton lots .. 
Under 2 tons 
Export: 


| oe 
14 0 
7 


o Car dOu@ 
India, £12 7s. 6d. 


to 


d. 
0 
6 
0 


£13 2s. 6d. c.it.; South 


Africa, £12 10s. 0d. f.o.b. plus 3 p.c. invoice value ; 


Rhodesia, 


£12 17s. 6d. f.o0.b.; 


Irish Free State, 


£14 Os. Od. f.o.q.; General, £12 10s. 0d. f.0.b. 


Tin-plates. 


20 by 14 basis, f.o.b. Bristol Channel Ports, 18s. 9d. 
Tin-plate Bars, d/d Welsh Works, £6 0s. 0d. 





Billets. £0. d. 
Basic, (0-33% to 0-41% C.) é af 0 
» Medium (0-42% to 0- 60% C.).. 715 0 
» Hard (0-61% to 0-85% C.) 8 5 0 
” » (0- 86% to 0-:99%C.) .. 815 0 
” » (1% C.andup) .. ...9 6 O 
Soft (up to 0- 25% C.), 500 tons and ws 6 2 6 
Rails, Heavy, 500-ton lots, f.o.t. - 810 0 
¥. czas al » Te @ 
FERRO ALLOYS. 
Tungsten Metal Powder. . 3/14 per lb. 
Ferro Tungsten 3/- per Ib. 
Per Ton. Per Unit. 
Ferro Cosme, 4p.c.to6p.c.carbon £21 10 0 7/- 
” ” 6 p.c. to 8 p.c.. £21 0 0 T/- 
” ° 8 p.c. re iy £21 0 0 T/- 
” » Specially Refined .. 
, *” Max. 2p.c.carbon £33 10 0 11/- 
” *” » lp.ec.carbon £36 5 0 11/- 
9» » 0-50p.c.carbon £37 5 0 12/- 
” » carbon-free .. 9$d. per Ib. 
Metallic Geewnie 2/5 per lb. 
Ferro Manganese iene 761 p.c. £11 15 0 home 
» Silicon, 45 p.c. to 50 p.c. £11 15 Oto £12 5 0 
scale 5/— p.u. 
o re 75 p.c. £16 17 6to£1l7 7 6 
scale 6/— p.u. 
» Vanadium . 12/8 per lb. 
»  Molybdenum.. 4/6 per Ib. 
» Titanium (carbon hosed: 9d. per lb. 
£200 to £205 


Nickel (per ton) 
Cobalt .. .«. 


6/— to 6/1 per Ib. 





per ton must 


NON-FERROUS METALS. 


Official Prices, October 28th. 


Sections, joists and plates are subject to a rebate to home users purchasing only from associated 
*For Markets other than Canada, India, Australia and New Zealand, 5s. 
and Foreign Markets 2s. 6d. higher. 


be added. 


CoPpPpER— 
Cash .. £42 8 Yto £42 11 3 
Three months . . £42 15 Oto £42 16 3 
Electrolytic £46 10 Oto £47 0 0 
Best Selected Ingots, d/d Bir- 
mingham heey ‘ £46 12. 6 
Sheets, Hot Rolled £74 0 0 
Home. Export. 
Tubes, Solid Drawn (basis) . . 11}d. 11}d. 
»  Brazed (basis) 114d. 11d. 
Brass-— 
Ingots, 70/30,d/d Birmingham {£34 0 Oto £36 0 0 
Home. Export. 
Tubes, Solid Drawn, 2/1 Alloy 10}d. 10}d. 
»  Brazed.. 12}d. 12}d. 
Tin— 
Cash .. £205 10 Oto £206 0 
Three months . . £204 5 Oto £204 10 0 
Leap: £18 13 9to £18 12 6 
SPELTER £15 1 3to £15 6 3 


Aluminium Ingots (British) .. 


FUELS. 


SCOTLAND. 
LANARKSHIRE— 
(f.0.b. Grangemouth)— Navigation Unscreened 
Hamilton Ell and ar 
Splints 
AYRSHTRE— 
(f.0.b. Ports)—Steam 


FiresHIRE— 
(f.0.b. Methil or Burntisland)— 
Prime Steam .. ‘ eke 
Unscreened Nav tented 


LoTHIANS— 
(f. o.b. Leith)}—Hartley Prime 
Secondary Steam .. 


ENGLAND. 


YORKSHIRE, MANCHESTER— 
B.S.Y. Hard Steams 
Furnace Coke 


NORTHUMBERLAND, NEWCASTLE— 
Blyth Best 
» Second... 
» Best Small .. 
Unscreened 


Dur#eam— 
Best Gas. . 
Foundry Coke 


SHEFFIELD— Inland. 
Best Hand-picked Branch .. 27/6 to 29/6 
South Yorkshire Best .. . 24/- to 30/- 
Seconds .. . 21/- to 22/- 


CarpirrF— SOUTH WALES. 
Steam Coals : 
Best Admiralty Large .. 
Best Seconds od 
Best Dry Large 
Ordinaries 
Bunker Smails 
Cargo Smalls .. 
Dry Nuts 
Foundry Coke 
Furnace Coke 
Patent Fuel 


SwansEa— 

Anthracite Coals : 
Best Large .. 
Machine-made Cobbles.. 
Nuts 
Beans 
Peas PY ten 
Rubbly Culm. . 

Steam Coals : 
Large Ordinary 


FUEL OIL. 


Inland consumption ; contracts in bulk. 


£100 to £105 


Export. 
15/- to 15/6 
16/— to 16/6 
19/- to 19/6 
15/6 ? 
15/- 
14/6 to 15/- 


14/6 to 14/9 


14/- 
19/6 to 23/- 
19/- to 24/- 
16/— to 16/6 
15/6 to 15/9 
13/- 
14/6 to 15/6 
14/8 to 15/- 
24/6 to 26/6 
19/6 
19/— to 19/44 
18/6 


18/3 to 18/6 
13/6 to 14/6 
13/— to 13/6 
25/- to 27/- 
30/— to 47/6 
24/6 to 25/- 
22/- 





36/- to 40/- 
41/— to 48/6 
40/— to 48/6 
25/— to 35/~ 
19/- to 23/6 
11/6 to 12/— 


18/-— to 20/6 


Exclusive of Government tax of ld. per gallon. 


Ex Ocean Installation. 
Furnace Oil (0-950 esi 
Diesel Oil ais 


Per Gallon. 
34d. 
4d. 
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French Engineering Notes. 


(From our own Correspondent in Paris.) 


Industrial Reorganisation. 

WuEN the last Government elevated the National 
Economic Council to the rank of an independent State 
Council it failed, through lack of time, to make the change 
effective, and the reforms of the Popular Front Govern- 
ment were carried through without consulting the Council, 
whose authority was upheld by the Senate when it refused 
to sanction some of the Government’s proposals pending 
an inquiry into their practicability. The new State 
Economic Council has now been constituted on a wider 
basis with labour representatives on its permanent Council. 
At its inaugural meeting the Minister of National Economy 
explained the Government’s idea of what manufacturers 
should do to meet the new conditions imposed by the 
necessity of lowering production costs with higher wages. 
They should, he said, specialise in particular branches of 
work, organise their workshops on scientific lines, and 
standardise parts and reduce their number to a minimum, 
whereby production could be carried on with smaller 
capital and lower overhead charges. Manufacturers know 
this fact perfectly well, and standardisation is being carried 
on as far as it will go, but the kind of specialisation 
suggested by the Minister is possible only in special circum- 
stances and few manufacturers can risk running works on 
a particular product unless they have something else to 
turn to in the event of the demand for that product failing 
them. The maker is alone able to decide upon how he 
should carry on his business. The Minister remarked that 
“the social laws which have so profoundly transformed 
our conditions of work cannot fail to provoke labour claims 
abroad, which will impose new burdens on our competitors 
and stabilise in our favour an equilibrium of prices on the 
international market.” 


The Trade Situation. 


If it were not for strikes that continue to cause 
disquiet the metallurgical and engineering trades would 
be generally busy. . The great majority of the men who are 
out would be glad to return if they were not prevented 
from doing so by extremists who occupy works. There is 
irritation amongst the workers who are satisfied with what 
they have got, and the Government is showing signs of 
impatience over this useless agitation. It is causing a 
great deal of harm at a time when rising prices encourage 
the placing of contracts and orders are being distributed 
for material required for national defence. If the present 
difficulties were smoothed out and manufacturers were 
able to carry on business without fear of further complica- 
tions, the outlook would be more hopeful. There is plenty 
of work to be done, but makers do not know how much of 
that work can be accepted. The forty-hours’ week is still 
hanging like a cloud over industry. A decree applying 
it to the metallurgical trades has been ready for publication 
for some time, and it was stated semi-officially a few days 
ago that its publication was imminent to take effect at the 
end of a month, with short prorogations for industries 
where it was proved that the forty hours’ week could not 
be put into operation. If the application is really impossible 
it is difficult to understand the meaning of the short proro- 
gation. The short week is condemned unanimously by 
manufacturers, who are nevertheless prepared to adapt 
themselves as fully as possible to the law’s requirements, 
but objections to it are numerous in the absence of an 
international agreement to curtail the working week. 
There is a pressing demand for its suspension until such 
an agreement can be reached. In the arsenals the short 
week is in operation, with the result that at Cherbourg 
manufacturers complain of losing their skilled hands who 
are taken on at the arsenal to bring production up to the 
normal level. In no case has it been shown that the men 
produce as much in forty hours as they did in forty-eight, 
and this is a serious matter in a. country where the supply 
of skilled labour is below the demand. The deficiency has 
always been made good by foreign labour, which is now 
discouraged. The possibility of this state of things extend- 
ing throughout the metallurgical and engineering indus- 
tries leaves makers with the fear that they will be burdened 
with a heavy addition to costs, and they are consequently 
unable to tender for contracts without covering them- 
selves with guarantees that are often unacceptable to 
customers. 


Naval Construction. 


The present year’s instalment of the naval pro- 
gramme has been retarded at a time when there is an 
urgent necessity to accelerate work. The 26,500-ton 
battle-cruiser “* Dunkerque ”’ will go into service later than 
had been expected, and the launching of the “‘ Strasbourg ” 
will be retarded. The completion and fitting out of five 
cruisers, two destroyers, twelve convoyers and four sub- 
marines were temporarily held up by the strikes, and little 
has yet been done with the 1936 instalment comprising 
two 35,000-ton battleships, three torpedo boats, and two 
submarines. The ‘ Richelieu”? has been laid down at 
Brest and the “ Jean-Bart ” will probably be built in the 
big construction dock at Saint-Nazaire, upon which work 
was suspended during the strikes. Not only has there 
been a serious loss of time, but the labour reforms with 
high wages and social charges, roughly estimated to repre- 
sent a 35 to 40 per cent. increase, have upset the financial 
arrangements, although they have been partly compen- 
sated for by an inadequate supplementary credit. What 
will be the extent of the credits available for next year’s 
instalment depends upon the forthcoming budget, which, 
it is understood, may provide for a new cruiser, but the 
bulk of the money is expected to be employed for an 
acceleration of work on ships now under construction. 
The Naval Statute fixed the annual new tonnage at 
37,000, but during the past two or three years it has only 
been 30,000 and there has probably been a falling off in 
the present year. It is now intended to clear up arrears 
as quickly as possible in order to push forward the pro- 
gramme methodically and strengthen the navy with a 
third 35,000-ton battleship, which will necessarily have to 
follow the “‘ Richelieu” or the “ Jean-Bart.” The last 
four months have not been favourable to activity in the 
shipyards any more than in other branches of industry, 
but the situation will inevitably develop in an early 
determined effort to make up for lost time. 


British Patent Specifications. 


When an 4 tion is ted from abroad the name and 
address of the communicator are pri in italics. 

When an abridgment is not illustrated the Specification is 
without drawings. 

Copies of Specifications may be obtained at the Patent Office, 
Sale Branch, 25, Southampton-buildings, Ch y-lane, W.C.2, 
ls. each. 

The date first given is the date of application ; the second date, 


at the end of the abridgment, is the date of the acceptance of the 











complete Specification. 
STEAM GENERATORS. 
453,375. June 18th, 1935.—WatTER GAUGE GLASSES FOR 


Borers, A. J. Grimmett, 65, West Bank-road, Birkenhead. 

In the case of boilers where the gauge glass is situated at some 
distance from the boiler front the water level reading in the glass 
may be deceiving on account of the difference in temperature, 


, een 


) 


N°4 53,375 





gars 


and consequent density, of the water in the boiler and in the 
connecting pipes. Consequently the inventor arranges for a 
continuous circulation of water through the piping A connecting 
the bottom of the boiler with the gauge glass standpipe B. This 
water is drained off by the pipe C and is returned to the boiler 
by the feed pump. D is the usual blow-through drain. 
—September 10th, 1936. 
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INTERNAL COMBUSTION ENGINES. 


453,406. March 7th, 1936.—Appraratus For StopPING ENGINES 
WHEN THE LusRiIcaTING SuppLy Farms, Hans-Wolfgang 
Burschkies, 27, Schiitte-Lanzstrasse, Berlin-Lichterfelde- 
Ost, Germany. 

This device is arranged in the main oil supply pipe to the 

bearings. It comprises a rod A held in an insulating bushing B 


N°4.53,406 


























in a nipple attached to the pipe. This rod is connected elec- 
trically with the ignition circuit of the engine and the oil pipe is 
earthed. Normally the oil provides an insulating medium 
which prevents a spark from passing from the rod to the 
pipe ; but if the oil flow should stop or be deficient a spark will 
pass and short circuit the ignition system so that the engine 
stops.—September 10th, 1936. 


ELECTRICAL APPLIANCES. 


453,485. March 8th, 1935.—MuutiI-conpuctoR ELECTRIC 
Cases, W. W. Triggs, Marks and Clerk, 57-58, Lincoln's 
Inn-fields, London, W.C.2. 

This cable is intended for carrying heavy currents and is 
built up of a series of strands so formed that the exterior of 
the cable presents a smooth surface. One such strand is illus- 


N°453,485 


B 
A 


trated, but many variations are suggested. The essence of 
the invention lies in the artificial extension of the cross-sectional 
area of the strand by a hollow space, such as that shown at A. 
The conductors are marked B and a covering stranding C. 
The covering has a pitch equal to, or less than, that of the 
conductors.—September 8th, 1936. 
453,481. February 8th, 1935.—WatTeR-TIGHT JACKETS FOR 
Exxectric Cases, Siemens-Schukertwerke Aktiengesell- 
schaft, Berlin-Siemensstadt, Germany. 








This cable is made water-tight by a jacket of polystyrol, 
material which is thermo-plastic and can be worked by pressing, 








extrusion, and like processes at normal tem tures. It 
has an extraordinary hardness approaching t of metais 
and also a high degree of brittleness approaching that of glass. 
These characteristics have hitherto made its use for cable 
jackets, which are stressed in bending, practically impossible. 
Surprisingly, it has been found that corrugating the tubes 
spirally alone suffices to make tubes of polystyrol and similar 
substances utilisable in a practical manner as cable jackets 
or sheaths. The material also has the advantage of having a 
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specific gravity of about 1. A cable is shown in Fig. 1. A is the 
conductor, B a metal ribbon cover for screening purposes, C 
the water-tight sheath of polystyrol, D an armouring, and E 
a jute covering. The sheath is applied by a machine indicated 
diagrammatically in Fig. 3. The conductor A passes through 
an extruding press F and emerges through a tube @. Over this 
tube there is extruded a sheath of polystyrol, which is closed 
down on to the conductor by the rotating wire helix H, to provide 
a covering such as is indicated in Fig. 2.—September 8th, 1936. 


453,286. April 9th, 1935.—ELEcTRIC DisouarGe DeEvIoEs, 
Ferranti, Ltd., Hollinwood, Lancaster, and M. K. Taylor 
and R. W. Sutton. 

This invention relates to electron discharge devices and more 
especially to those which dissipate considerable energy during 
their operation, ¢.g., radio transmitting valves, power rectifier, 
grid-controlled gas-filled discharge tubes, X-ray tubes, and the 
like. The object of the invention is to provide improved 
electrodes for such devices which enable the material and 
labour costs of manufacture to be reduced, the amount of 
undesirable occluded gases to be decreased and the secondary 
emission to be considerably reduced. In carrying the invention 
into effect according to one form as applied to an anode of a 
radio transmitting valve, a tube of steatite is provided within the 
valve envelope, being held in position by means of wires inserted 
through holes in the wall of the tube and held firmly, say, 
by a suitable cement, the wires being carried by a frame support 
member rigidly attached to the foot of the valve. The internal 
surface of the steatite tube is coated with a conductive layer or 
layers of carbon—for instance, “‘ Aquadag”’—or other con- 
venient form of colloidal graphite. Connection is made to the 
anode thus formed by means of a wire passing through the 
wall of the steatite tube and coming into contact with the 
carbon layer, or any of the above-mentioned support wires 
may be used as connection means. A convenient way of making 
this connection is to split the tube longitudinally along one 
side and to force the edges apart sufficiently to enable a metallic 
ribbon to be inserted between them, after which the edges are 
allowed to approach each other and so firmly to hold the ribbon 
in place. As applied to an X-ray tube, according to one penn 
a space charge electrode thereof is formed of a steatite or glass 
tube internally coated with carbon, the anode being formed of 
a hollow block of ceramic material having a plane face arranged 
to act as a target in the usual manner, this face being furnished 
with a coating of carbon thereon; water may be circulated 
through the block for cooling purposes.—September 9th, 1936. 


453,486. March 8th, 1935.—InsuLation or Conpucrors, V. G. 
Manufacturing Company, Ltd., Gorst-road, Park Royal, 
London, N.W.10, and Spencer House, 4, South-place, 
Moorgate, London, E.C.2, and F. M. van Gelderen. 

This conductor is insulated by beads of glass, or porcelain, 
which will withstand a high temperature, but will not absorb 
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moisture. The beads are nested into one another as shown in 
the illustration, and allow a certain degree of flexibility. The 
essential feature is that the beads are held in place by a metallic 
braided sheath. The sheath may be secured at the ends in 
various ways and offers service as an earthing conductor.— 
September 8th, 1936. 








GAS PRODUCERS. 
453,362. March 18th, 1935.—Gas Ovens, Didier-Werke 
Aktiengesellschaft, 90, Westfilische Strasse, Berlin- 


Wilmersdorf, Germany. 
The oven illustrated in the drawings consists of an incor- 
porated producer A for generating heating gas, recuperators B C, 
and six gasifying chambers D. The heating gas } ew from the 
gas producer through the uptake channels E and the horizontal 
channels F G forming the circuitous channel into the distribution 
channel H and thence to the burners J, whence the gases of 
combustion pass to the heating flues K situated between the 
gasifying chambers. The channels F G are separated by walls, 
in which there are openings L which can be closed wholly or 
partly by dampers capable of operation from the outside. In 
the neighbourhood of the —s L the channels G are con- 
nected to the recuperators B by means of openings which are 
likewise capable of being opened and closed from the outside ; 
moreover, gas supply conduits M here open into the channels G, 
these conduits being connected by valves to the gas pipe N. 
The recuperators are separated by a wall O having an opening P 
which can be closed by means of a damper, while the recuperator 
B has an opening Q and the recuperator C an opening R, by 
means of which the recuperators can communicate with the 
exterior. Thus it is possible to close the openings S and R and 
draw air for combustion through the opening Q and the two 
recuperators B and C in series, the air passing to the burners 
through the passage T ; or, by the opening R, closing the open- 
ing P, and connecting Q to a source of extraneous gas, to pre- 
heat this extraneous gas in the recuperator B before it 
to the circuitous channel through S, and also to . reheat the air 
for combustion (admitted through the opening R in the 
recuperator C). In the latter case by opening and appropriately 
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adjusting the damper U heating gas from the producer can be 
mixed in any desired amount with the extraneous gas. During 
operation of the gas producer impurities, such as dust and so on, 
are deposited from the heating gases as a result of the multiple 
change of direction in the channels. Moreover, by operating the 
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dampers U the distribution of gas in the channel H and likewise 

the regulation of the draught in the gas producer may be 

adjusted as rgquired so that reliable operation of the burners J 

ns uniform heating of the chambers D is ensured.—September 
Oth, 1936. 


PUMPING AND BLOWING MACHINERY. 


453,415. May 20th, 1936.—LusricaTiIon anp RELIEF MEANS 
FoR ScrEw Pumps, P. Leistritz and F. Burghauser, 29, 
Markgrafenstrasse, Nirnberg—S., Germany. 

In this screw pump the faces of the helices are slightly cham- 
fered as shown at A A, so that a small recess is provided for the 
entry of the liquid being pumped. The spindles rotate in 
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bearings B and C and are, of course, geared together at D. In 
order to balance the end thrust on the spindles they are bored 
axially and have ports E and F which communicate with the 
pong — the suction chambers respectively.—September 
Oth, 3 


METALLURGY. 


453,577. March llth, 1935.—Coppgr-zinc Attoys, H. W. 

Brownsfon, 43, St. Agnes-road, Moseley, Birmingham ; 

M. Cook, 48, Rocky-lane, Perry Barr, Birmingham ; 

G. K. Duddridge, 131, Fentham-road, Birchfields, Birming- 

ham; and Imperial Chemical Industries, Ltd., Imperial 
Chemical House, Millbank, London, S.W.1. 

This invention relates to the manufacture of alloys containing 
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copper as the primary component and zinc as a subsidiary 
component, which alloys for brevity may be called brasses. 
The range of composition of the age-hardenable alpha-beta 
alloys which possess good hot working properties is illustrated 
in the diagram or graph, in which the abscisse are percentages 
of aluminium ranging from 0- 5-3-0 per cent., and the ordinates 
are combined percentages of copper and nickel, The curve A B 





denotes the lower boundary of what are substantially alpha 
alloys, i.e., alloys containing only small quantities of the beta 
phase, and the curve C D denotes the lower boundary of the 
alpha-beta alloys, which retain age-hardening properties to a 
useful degree, and containing about. 40 per cent. of the beta 
—. The curve E F indicates the composition of alloys com- 

ining good hot working and marked age-hardening properties, 
these being the preferred alloys for the purpose of the invention. 
Such preferred alloys lie within the range 59-5—64-5 per cent. 
copper, 5-5-6-5 per cent. nickel, 0-5-3-0 per cent. aluminium, 
the balance consisting of zinc, and the aluminium content 
increasing with the combined copper and nickel contents as 
indicated by the curve EF. Age Pi after quenching, 
of these alloys enables a tensile strength of 50 tons per square 
inch, with 15 per cent. elongation, to be readily obtained. The 
alloys are preferably quenched from 850-900 deg. Cent. 
after heating at this temperature for about one hour, and 
tempered for about two hours at 400 deg. Cent. in order to 
develop their properties, and, if desired, they may be subjected 
to cold working after quenching and before tempering. It may 
be pointed out that the alpha-beta alloys are not so amenable 
to cold working as the alpha alloys, since their ductility, as 
measured by elongation, is lower. Accordingly the inventors 
make hard copper-zine alloys by subjecting an alpha-beta brass 
having a zine content of up to 36 per cent., a nickel content of 
2-30 per cent., and an aluminium content of 0-5-3 per cent., the 
nickel content being at least twice the aluminium content, and the 
combined copper and nickel contents varying with the aluminium 
content within the area enclosed by the curves A B and C D, to 
heat treatment involving quenching the alloy from a temperature 
of 800-900 deg. Cent., followed by tempering at 300-600 deg. 
Cent. for a sufficient period of time to impart the desired degree 
of hardness and strength. In the tempering treatment the time 
and temperature are interdependent. Temperatures of 
300-600 deg. Cent. are employed, care being taken that the 
temperature or the length of heating is not sufficient to soften 
the alloy, and the lower the temperature the longer is the time 
required to attain the maximum increase of hardness and 
strength. For moderate heating times, e.g., two hours, the 
maximum hardness is attained when the temperature is 400 deg. 
Cent. It will be understood that the temperature ranges of 
300-600 deg. Cent. and 800-900 deg. Cent. mentioned herein 
include temperatures within a few degrees below or above the 
limiting temperatures specified.—September 11th, 1936. 








Forthcoming Engagements. 


Ay Sots. 





Secretaries of Institutions, , &ec., desirous of having 
notices of meetings inserted in this column, are requested to note 
that, in order to make sure of its insertion, the necessary information 
should reach this office on, or before, the morning of the Monday 
of the week preceding the meetings. In all cases the TIME and 
PLACE at which the meeting is to be held should be clearly stated. 





To-Day. 

Farapay House Oxp Srupents’ Assoc.—Savoy Hotel, 
W.C.2. Annual dinner. 

Inst. or CHEMICAL EnGINEERS.—Inst. of Civil Engineers, 
Great George-street, S.W.1. ‘* Research at the Lowest Tem- 
peratures and its Importance to Industry,” Prof. F. A. Linde- 
mann. 6.30 p.m. 

Inst. oF MecHanicaL ENGINEERS: EpucaTION GRoUP.— 
Storey’s-gate, S.W.1. Informal discussion, ‘‘ Some Aspects of 
American Technical Education.” 6 p.m. 

Iron anpD Street Inst.—Inst. of Civil Engineers, Great George- 
street, S.W.1. Autumn Meeting, additional sessions. 10 a.m. 
and 2.30 p.m. 

Junior Inst. or EnGInEERS.—39, Victoria-street, London, 
S8.W.1. “Oil Film Lubricated Bearings and Some Recent 
Developments,”” Mr. W. E. Baker. 7.30 p.m. 

SaturpDay, Oct. 31st. 

Inst. oF BritisH FounDRYMEN.—Visit to the works of Inter- 
national Combustion, Ltd., Derby, and a paper, “‘ The Grinding 
Wheel in the Foundry,” S. L. Ireland. 

NortH or Eneianp Inst. oF MINING AND MECHANICAL 
ENGINEERS.—Newcastle-on-Tyne. General meeting. 2.30 p.m. 
Monpay, Nov. 2np. 

Inst. oF Crvit ENGINEERS oF [RELAND.—35, Dawson-street, 
Dublin. Presidential address, Prof. F. 8. Rishworth. 7.30 p.m. 

Soc. or Cuemicat Inpustry.—Burlington House, Piccadilly, 
W.1. ‘The Manufacture of Chemical Products Derived from 
the Petroleum Industry,” Dr. A. E. Dunstan. 8 p.m. 

Soc. or Encrveers.—Burlington House, Piccadilly, W.1. 
“Some Aspects of Cultivation and other Power Operations on 
the Farm,” Dr. B. A. Keen and G. H. Cashen. 6 p.m. 

Turspay, Nov. 3RD. 

Inst. oF AUTOMOBILE ENGINEERS.—Inst. of Electrical Engi- 
neers, Victoria Embankment, W.C.2. ‘‘ Various Locations of 
Engine and Final Drive for Automobiles,” Dr. G. A. Rohr. 
7.45 p.m. 

Inst. or Crvit ENGINEERS.—Great George-street; 8.W.1. 
Presidential address, Sir Alexander Gibb. 6 p.m. 

British Assoc. or REFRIGERATION.—Inst. of Marine Engi- 
neers, 85, The Minories, E.C.3. A Symposium on “ Corrosion 
in the Refrigerating Industry.” 6.30 p.m. 

Royat Inst.—21, Albemarle-street, W.1. ‘* Astronomy : 
Some Recent Advances,” Sir James Jeans. 5.15 p.m. 

SHEFFIELD MerTatturGicaL Assoc.—198, West-street, 
Sheffield. ‘‘ The Determination of Non-metallic Inclusions in 
Iron and Steel,” E. W. Colbeck, 8S. W. Craven, and W. Murray. 
7.30 p.m. 

WepnNEspDay, Nov. 4TH. 

Inst. or Crvit ENGINEERS: YORKSHIRE Assoc.—Grand 
Hotel, Sheffield. Chairman’s address, J. K. Swales. 7.30 p.m. 

Roya Soc. or Arts.—John-street, Adelphi, W.C.2. “180 
Years of Pioneer Work by the Royal Society of Arts,” Col. Sir 
Henry McMahon. 8.30 p.m. 

Tuurspay, Nov. 5TH. 

Inst. or ELEcrricaL ENGINEERS.—Savoy-place, Victoria 
Embankment, W.C.2. “The Effects of Impulse Voltages on 
Transformer Windings,” T. E. Allibone, D. B. McKenzie, and 
F. R. Perry. 5.30 p.m. 

Inst. oF MercHanicAL ENGINEERS: NorTH-WESTERN 
Brancon.—Engineers’ Club, Albert-square, Manchester. “ Auto- 
matic Weighing Machines,” F. H. Eastwood. 7.15 p.m. 

Rattway Civus.—Royal Scottish Corporation Hall, Fetter- 
lane, E.C.4. ‘* Passenger Services Withdrawn since Grouping,” 
G. W. T. Daniel. 

Soc. or EnGrInEERsS.—Geological Soc., Burlington House, 
Piccadilly, W. ‘‘The Construction of the Punehu Stream 
Bridge,” L. 8. Donnelly. 6 p.m. 

Fray, Nov. 6TH. 

CuemicaL ENGINEERING GrouPp.—Royal Technical College, 
Glasgow. ‘‘ Acid Resisting Industrial Filters,” Dr. F. Singer 
and W. E. Speirs. 7.30 p.m. 

Inst. oF MeEcHANIcAL ENGINEERS.—Storey’s-gate, 8.W.1. 
Thomas Hawksley Lecture, ‘‘ The Spectroscope and the Atom,” 
Prof, A, Fowler, 6p.m, 





Junior Inst. or ENGINEERS.—39, Victoria-street, S.W.1. 
“Gas Engineering and its Application to Water Heating,” 
L. Friedman. 7.30 p.m. 

Nortu-Easr Coast Inst. or ENGINEERS AND SHIPBUILDERS. 
—Literary and Philosophical Soc. Theatre, Newcastle-on-Tyne. 
“* Sir Charles Parsons and Steam,” Sir F. E. Smith. 7 p.m. 

Royat Inst.—21, Albemarle-street, W.1. “* Chemical 
Exploration of the Stratosphere.” 9 p.m. 

Monpay, Nov. 9ru. 

Inst. or TRaNsport.—Inst. of Electrical Engineers, Victoria 
Embankment, W.C.2.. ‘‘ Progress of the Southern Railway 
Electrification,” E.C. Cox. 5.30 p.m. 

Tuespay, Nov. 10ru. 

Inst. or AUTOMOBILE ENGINEERS: CovVENTRY CENTRE.— 
Geisha Café, Hertford-street, Coventry. ‘‘A Background of 
Engineering Training,” J. Bedford. 7.30 p.m. 

Inst. oF Crvit ENGINEERS.—Great George-street, S.W.1. 
“ Road Design and Road Safety,” F.C. Cook. 6 p.m. 

Inst. oF MarINE ENGINEERS.—85, The Minories, 
‘“* Air and Gas Compressors,” J. Hendry. . 6 p.m. 

Soc. or Cuemicat Inpustry: Roaps anp BurILpinc Mare- 
RIALS GrRovuP.—Burlington House, Piccadilly, W.1. ‘‘ The 
Application of Aluminous Cement and its Influence on Concrete 
Construction,” A. V. Hussey. 8 p.m. 

WEDNEsDAY, Nov. lit. 
Inst. oF AUTOMOBILE ENGINEERS.—Engineers’ Club, Albert - 


E.C.2, 


square, Manchester. ‘‘ Compression-ignition Engines,’ W. 
Vane Morland. 7 p.m. 
TuHurspay, Nov. 12rn. 
British Scrence Guiip.—Goldsmiths’ Hall, Foster-lane. 


E.C.2._ Norman Lockyer Lecture, ‘* Science in Developments,” 
Rt. Hon. Lord Rutherford. 4.30 p.m. 

Inst. OF AUTOMOBILE ENGINEERS: BRISTOL CENTRE.— 
Merchant Venturers’ Technical College, Unity-street, Bristol. 
** Compression-ignition Engines,’’ W. Vane Morland. 7 p.m. 

Inst. oF CriviL ENGINEERS: BIRMINGHAM AND DIsTRICT 
Assoc.—James Watt Memorial Inst., York House, Great 
Charles-street, Birmingham. ‘ Purification of Public Water 
Supplies,” R. C. Whitehead. 6 p.m. 

Inst. or Furt.—Chemical Soc., Burlington House, Picca- 
dilly, W.1. ‘* Applications of Practical Thermodynamics,” Dr. 
J.S8. Clarke. 6 p.m. 

Inst. OF MARINE ENGINEERS : 
Technical Inst. ‘‘ Electricity as an Illuminant,” E, H. 
warden and R. O. Ackerley. 8 p.m. 

Royat ArronauticaL Soc.—Royal Soc., 18, John-street, 
Adelphi, W.C.2. ‘‘ The Part Played by Skin Friction in Aero- 
nauties,”” Dr. F. W. Lanchester and N. Norman. 6.30 p.m. 

Fripay, Nov. 13rx. 

Inst. oF ELECTRICAL ENGINEERS : METER AND INSTRUMENT 
Section.—Annual dinner at the Holborn Restaurant, W.C.1. 
6.45 p.m. 

Junior Inst. oF ENGINEERS.—39, Victoria-street, S.W.1. 
Annual general meeting. 7.30 p.m. 

Soc. or CuEemicat Inpustry.—lInst. of Civil Engineers, Great 
George-street, 8.W.1. Jubilee Memorial Lecture, ‘* Refractory 
Materials,” Dr. J. W. Mellor. 

Turspay, Nov. 17TH. 

British ELECTRICAL AND ALLIED MANUFACTURERS’ Assoc.— 
Annual Dinner, Grosvenor House, Park-lane, W. 1. 

Inst. oF AUTOMOBILE ENGINEERS.—George Hotel, Leeds. 
‘“* A Background of Engineering Training,” J. Bedford. 7.30 p.m. 

Inst. or Civ. EnGIneERs.—Great George-street, S.W.1.— 
“Ship Canals Utilised for Drainaye,’’ L. R. Wentholt. 


WepnespayY, Nov. 187TH. 


Inst. or AUTOMOBILE ENGINEERS.—Metropole Hotel, Leeds. 
‘* Compression-ignition Engines,” W. Vane Morland. 7.15 p.m. 


Junior Section.—Paddington 
Pen- 


6 p.m. 


Sarurpay, Nov. 2lsr. 
Inst. oF MARINE ENGINEERS.—Swansea meeting. 
Correct Utilisation of Coal,” H. L. Price. 6 p.m. 
Turspay, Nov. 247TH. 
Inst. oF AUTOMOBILE ENGINEERS.—James Watt Memorial 
Inst., Great Charles-street, Birmingham. ‘‘ A Background of 
Engineering Training,” J. Bedford. 7.30 p.m. 


Wepyespay, Nov. 25TH. 

Inst. or FuEL.—Chemical Soc., Burlington House, Piccadilly, 
W.1. ‘A Method of Measuring the Performance of the Loco- 
motive Boiler,”’ Dr. P. Lewis-Dale; ‘‘ The Analysis of Flue 
Gases in the Locomotive Boiler by Electrical Conductivity 
Meters,”’ V. Binns and 8S. Bairstow. 6 p.m. 


“The 


Tuurspay, Nov. 26rn. 

Inst. oF Crvit ENGINEERS: BIRMINGHAM AND DIsTRICT 
Assoc. AnD Inst. oF StRucTURAL ENGINEERS.—James Watt 
Memorial Inst., York House, Great Charles-street, Birmingham. 
“Investigations for the Steel Structures Research Committee 
Carried Out at the University of Birmingham,” Prof. C. Batho. 
6 p.m. 

Fripay, Nov. 277TH. 

Inst. OF MARINE ENGINEERS.—Grosvenor House, Park-lane, 

W. Annual conversazione. 7.30 p.m. 








PERSONAL AND BUSINESS ANNOUNCEMENTS. 


AtrreD HERBERT, Ltd., Coventry, has recently taken over 
the sole agency for the Reishauer automatic short thread 
milling machine. 

M. anv C. Swrrcncear, Ltd., Glasgow, has appointed Mr. R. 
C. Carter, 130, Wellington-hill, West, Bristol, as its agent in 
Gloucestershire, Wiltshire, Dorset, Somerset, Cornwall, and 
Devon. 

B. anp F. Carrer anp Co., Ltd., manufacturers of braiding, 
plaiting, and electric cable-making machinery, inform us that 
they have started full production at their new premises, Albion 
Works, Waterloo-street, Bolton. 











CONTRACTS AND ORDERS. 
The Editor is always happy to print short announcements of 
contracts and orders in this column provided they are sent to him 
in time to have news value and that they are likely to interest readers. 





Tue CamBripce InstRuMENT Company, Ltd., has recently 
sécured a contract from the London County Council for supply- 
ing electrical CO, recording outfits, to be installed in seven 
London hospitals. Other recent orders for Cambridge CO, 
recorders include a contract for four outfits received through 
John G. Kincaid and Co., Ltd., Gr k, to be installed on 
Clan Line steamers, 
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A Seven-Day Journal 


A Proposed Jarrow Tube Works. 


ADDRESSING a meeting of the Jarrow marchers at 
the Memorial Hall, Farringdon-street, on Tuesday 
evening, November 3rd, Sir John Jarvis announced 
that he had made arrangements to lay down new 
tube mills at Jarrow. A boiler works and its site, 
which covered about three acres, had been purchased, 
Sir John said, on his own account, and with regard 
to the necessary plant, he was sharing the cost along 
with one of the large banks. Further, the Special 
Areas Reconstruction Association was assisting the 
new project by subscribing the maximum amount of 
capital which was permitted. Sir John said that he 
would have full control, and so far as he was con- 
cerned he did not want, and would not accept, any 
profit. He added that although the British tube- 
making industry was a busy one, it did not at first 
take kindly to the suggestion. He was glad to say, 
however, that some measure of understanding had 
already been reached, and that he was about to discuss 
with the tube makers what kind of tubes could best 
be manufactured at Jarrow. Substantial agreement 
had already been come to on many points, and if 
the outstanding points were settled, he thought that 
employment would soon be found for some hundreds 
of Jarrow men. It was hoped, he said, to begin pro- 
duction very early in the spring, but for the time 
being there would be a great deal of painting, glazing, 
and general repair work connected with the prepara- 
tion of the new factory and the site, which should 
give employment to a considerable number of men 
almost at once. 


The Late Sir Henry Burt. 


RAILWAY engineers, and particularly our Indian 
readers, will learn with regret of the death on Saturday 
last, October 31st, at his home at Dovercourt, of 
Sir Henry Burt, Assoc. M. Inst.C.E. Sir Henry, 
who was seventy-nine years of age, saw many years 
of railway service in India, and was Government 
Director of Indian Railways, while in later life he 
was in his private capacity a valued member of 
several railway boards. Henry Parsall Burt was 
born at Streatham, and was educated at Clifton 
College and the Royal Indian Engineering College 
at Coopers Hill. At the age of twenty-one he worked 
for a few months as a probationer at Liverpool on the 
L.N.W. Railway, and in the same year, 1878, went to 
India as assistant engineer, and in 1892 became 
executive engineer. In 1896 he was appointed deputy 
traffic superintendent of the North-Western Railway, 
and in 1901 he was made deputy manager of the 
company. In the year which followed he went to 
Lucknow as manager of the Oudh and Rohilkund 
line. Some four years after he was appointed the 
manager of the Eastern Bengal State Railway, and 
in 1907 he returned to the North-Western Railway 
as its chief executive officer. In 1912 he was made 
an additional member of the India Railway Board, 
and had been selected for its President when in 1915 
he retired and returned to this country. His long 
railway service was recognised by the C.I.E. con- 
ferred upon him in 1909, which was followed by the 
K.C.1.E. in 1911. In May, 1915, Sir Henry joined 
the staff of the India Office as Government Director 
of Indian Railway Companies, a post which he con- 
tinued to hold till the end of the war. In 1918 the 
order of C.B.E. was conferred upon him in recognition 
of his war-time work. He retired shortly after the 
Armistice and took up a number of railway director- 
ships. He was chairman of the Bengal and North- 
Western, the Bengal Dooars, and the Rohilkund 
and Kumaon Railways, and a member of the board 
of the Bombay, Baroda and Central India Railway. 


The South Scotland Electricity Scheme. 


THE Central Electricity Board has notified autho- 
rised undertakers in South Scotland that general 
trading under a grid tariff in accordance with the 
provisions of the Electricity (Supply) Act, 1926, will 
begin in the area on January Ist, 1937. The South 
Scotland scheme area covers 4308 square miles, 
including the counties of Wigtown, Kirkcudbright, 
Dumfries, Roxburgh, Berwick, and Selkirk, and parts 
of Lanark and Peebles. Much of the territory is 
forest and moorland, and the population of 253,644 
represents the low average density of 59 persons per 
square mile. Agriculture, dairying, sheep farming, 
and woollen manufacture are the chief industries. 
The bulk of the energy will be supplied from the 
hydro-electric stations of the Galloway Water Power 
Company, which has now completed its scheme for the 
development of the extensive water power resources 
in the south-west of the area. Of the six generating 
stations selected for permanent operation, the only 
steam station is that of the Scottish Southern Elec- 
tric Supply Company, Ltd., at Galashiels. The other 
five are the hydro-electric stations of the Galloway 
Company, which have an aggregate capacity of 
102,000 kilowatts. Normally, they will be used to 
provide large quantities of energy for export through 
the grid to meet the peak load demands of the 
adjoining industrial areas of North-West England 





and Central Scotland. The grid transmission system 
in South Scotland comprises about 230 miles of 
primary lines and 142 miles of secondary lines. In 
the west it is linked up with Central Scotland and 
North-West England by a line running between 
Kilmarnock and Carlisle, and interconnectmg the 
Galloway water power stations. In the east it is 
linked up with Central Scotland and North-East 
England by lines connecting the station at Galla- 
shiels with the Portobello station of the Edinburgh 
Corporation and the Dunston station of the North- 
Eastern Electricity Supply Company, near New- 
castle. Grid points have been established at suitable 
centres throughout the area to afford supplies of 
electricity to both urban and rural communities. 


Staging Collapse at Earl’s Court. 


AxsouT 3.30 p.m. on Monday last, November 2nd, 
the staging which formed part of the third floor of 
the new exhibition building at Earl’s Court collapsed, 
and allowed nearly 100 cubic yards of liquid concrete 
to fall 28ft. to the floor below. According to an 
official statement issued by Major F. W. Yates, of 
Earl’s Court, Ltd., ‘‘ into an area of 50ft. by 75ft. 
of shuttering, or timber moulding, supported by 
tubular scaffolding, liquid concrete was being poured 
to make a permanent floor, when some scaffolding 
gave way and other scaffolding went with it. The 
whole section collapsed. About twelve men were 
working on the floor, and all but three escaped to 
safety. A section of pipe line supplying the concrete 
from a central mixer also collapsed and fell into the 
débris. Officials in charge informed me that all men 
have been accounted for.” About 3600 men were 
engaged in the entire building, and about 500 in the 
section which collapsed at the time. Three men 
were injured, it is believed, by falling on to the timber 
and steelwork wreckage on the floor below. The 
remainder probably dropped on to the wet concrete 
without injury. The débris on the floor below is 
about 10ft. thick, and estimated to weigh nearly 
100 tons. The work at Earl’s Court is in the hands of 
several contractors, and as far as can be ascertained 
the collapse was restricted to one section, the con- 
crete for which was laid that day. The surrounding 
sections which were completed some time ago were 
not affected. 


An Important Shipbuilding Order. 


Ir was officially announced on Friday, October 
30th, that Clan Line Steamers, Ltd., of London, 
which is managed by Cayzer Irvine and Co., Ltd., 
had placed with the Greenock Dockyard Company, 
Ltd., of Greenock, an order for six twin-screw cargo 
liners, each of about 10,500 tons deadweight carrying 
capacity. It is estimated that the total cost of the 
ships will be about £1,000,000, and that the work 
will keep the yard busy for close upon three years. 
The building programme is the largest embarked 
upon by the Clan Line for some years, and it repre- 
sents one of the largest orders for mercantile ships 
received in Greenock for some years past. The 
six new cargo liners will, we understand, be generally 
similar to the ** Clan Cameron,” which was launched 
by the Greenock Dockyard Company, Ltd., about a 
fortnight ago. That steamer has an overall length 
of 485ft., with a beam of 62ft. 9in., and a depth of 
40ft. 9. We are given to understand that the pro- 
pelling machinery for all the new ships is to be sup- 
plied by John G. Kincaid and Co., Ltd., of Greenock, 
and wiil in each ship consist of two sets of triple- 
expansion steam engines working in conjunction 
with Bauer-Wach exhaust turbines. The propelling 
machinery will be designed to give a speed of about 
17 knots. It will be similar to that now under con- 
struction at Kincaid’s for the four ships “Clan 
Cameron,” **‘ Clan Campbell,” ‘‘ Clan Chisholm,’’ and 
“Clan Cumming,” now building at the Greenock 
Dockyard Company’s shipyard. 


Safety in Mines. 


At the resumed sitting of the Royal Commission 
on Safety in Coal Mines on Monday last, November 
2nd, evidence was given by Dr. 8. W. Fisher, H.M. 
Medical Inspector of Mines, who explained that 
silicosis, a disease of the lungs due to inhalation of 
dust, was contracted by workers in many occupations. 
In all cases exposure to dust containing free silica 
had been traced. The incidence of silicosis among 
coal mine workers had not yet been satisfactorily 
explained. Stone-dusting had been suggested as a 
cause, but the greatest percentage of cases came from 
anthracite mines where dusting was not done. 
Attention to the prevention of dust in the atmosphere 
by ventilation, &c., was recommended. Dr. Fisher 
expressed himself as in favour of paying compensation 
in cases of silicosis. He was of the opinion that a 


‘large-scale investigation should be undertaken, and 


assistance should be given to those who, because of 
the difficulty of diagnosis, were suffering injustice. 
On the subject of miners’ nystagmus, Dr: Fisher 
pointed out that the provision of adequate illumina- 
tion was the best means of prevention. The Coal 
Mines Act of 1924 gave until the end of 1936 for the 
provision of new lamps, and also required the roof to 
be whitewashed wherever more than ten people were 
employed. He expressed the hope that the white- 
washing would be whole-heartedly carried out, as, 





in addition to assisting the eyes of the workers, it 
would act as a general safety precaution. He con- 
sidered that the high incidence of accidents to boys 
under sixteen years of age demanded close examina- 
tion. Dr. Fisher felt that in general underground 
work was not suitable for boys of that age. The 
Commission adjourned. 


National Shipbuilders Security, Ltd. 


THE report and statement of accounts of National 
Shipbuilders Security, Ltd., was presented at the 
general meeting held on Wednesday, November 4th. 
It reflects the improved position in the industry, and 
shows that since it was formed in 1930 the company 
has dealt with 180 building berths, representing a 
total output capacity of about 1,250,000 tons. It 
may be recalled that the company was formed to buy 
and to break up redundant and obsolete shipyards. 
The report for the year up to March 31st last 
states that during the period the purchase of the 
following establishments was completed, :—The ship- 
building and marine engineering works of Workman, 
Clark (1928), Ltd., at Belfast; of David and 
William Henderson and Co., Ltd. (in liquidation), at 
Glasgow; the shipyards of Caird and Co., Ltd., 
at Greenock, and J. Crichton and Co., Ltd., at 
Connah’s Quay and Saltney. The Caird and Hender- 
son shipyards are being maintained on a care and 
maintenance basis. During the year under review 
the site of Palmer’s yard at Jarrow, Smith’s Dock at 
Stockton, and that lately belonging to Workman Clark 
(1928), Ltd., at Belfast, have been sold. The report 
states that further negotiations are now in hand. 


The Late Mr. Hugh Stowell. 


WE regret to have to announce the death in his 
sixty-seventh year of Mr. Hugh Stowell, M. Inst. C.E., 
the chief inspector to the Joint Committee of the 
Rivers Mersey and Irwell, at Manchester. Hugh 
Stowell was educated at the Manchester Grammar 
School, and served his articles as a civil engineer 
from 1886 to 1889 with the late Arthur Jacob, 
M. Inst. C.E. He also took the engineering course 
at the Victoria University, Manchester, and was 
awarded a Whitworth Scholarship. After holding 
appointments at Salford, Tunbridge Wells, and 
Wimbledon, he was appointed in 1907 chief imspector 
to the Joint Committee of the Rivers Mersey and 
Irwell, on the retirement of the late R. A. Tatton, 
M. Inst. C.E. He devoted his energy and ability to 
the many intricate problems which arose in con- 
nection with the treatment of sewage and trade waste 
waters, and his exceptional experience and advice 
were at all times at the disposal of local authorities 
and manufacturers who were in difficulties with 
pollution problems. He gave evidence before the 
Royal Commission on Sewage Disposal and before 
the Joint Advisory Committee on Rivers Pollution 
on many occasions. The Lancashire County Council 
and Cheshire County Council retained his services 
in connection with the alterations to the boundaries 
of the local authorities in those counties, and his 
great knowledge of drainage areas and sewage dis- 
posal problems was of great assistance to them. Mr. 
Stowell was a valued member of the Institution of 
Civil Engineers and a Past-President of the Man- 
chester and District Association of the Institution. 
He was also an honorary member of the Institute of 
Sewage Purification. 


A McAdam Centenary Memorial. 


On Friday, October 30th, the Rt. Hon. Leslie 
Hore-Belisha, the Minister of Transport, unveiled 
in Wellington-square, Ayr, a memorial erected by 
the Institution of Municipal and County Engineers 
to John Loudon McAdam, a native of Ayr, who 
died one hundred years ago. The ceremony was 
attended by fourteen of his descendants. At a 
luncheon given in the County Hall before the cere- 
mony, the Minister said that the man whose 
memory they were about to honour pleaded con- 
sistently that the design and maintenance of roads 
should be entrusted, not, as was the casual fashion of 
the time, to amateurs and sinecurists, but to those 
understanding what he claimed to be a science and 
having practical experience in its application. In 
his evidence before Select Committees of the House of 
Commons, he may be said, in postulating the neces- 
sity for qualified surveyors to be attached to each 
district, to have sketched out the system which now 
prevails, and which has made possible the formation 
of that Institution which to-day made a tangible 
recognition of his foresight. Like all great men, 
McAdam based his theories upon first principles. 
He considered that a road ought to be considered 
as an artificial floormg forming a strong, smooth, 
solid surface, at once capable of carrying great 
weight, and over which carriages might pass with- 
out meeting any impediment, and, further, Jaid 
down that the width of the road must be governed 
by the magnitude of the traffic. The carrying out of 
these principles was still a valid objective, and he 
expressed the hope that McAdam’s spirit would find 
gratification in the knowledge that we were now 
spending no less than £50 millions a year on the 
improvement and maintenance of our roads so that 
they might fit the traffic. 
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(Continued from page 451, October 30th ) 


Toota Design: BEVEL GEARS. 

| gerne y ce in mind the analogy between cylin- 

drical and conical gears, the design of bevel gears 
presents, in so far as everyday problems are concerned, 
little that is new or difficult. The subject is made 
easier by the fact that, like helical and spiral gears, 
straight-toothed bevel gears can be replaced by 
virtual spur gears, and spiral bevel gears by virtual 
helical gears, which can in turn be reduced to spur 
gears. The principles already given for spur gear 
design can thus be applied with only small modifi- 
cation. 

Pitch Cone Calculations.—Fig. 107 shows the axes 
VE and VF of a pair of bevel gears connected by 
rolling pitch cones having a common apex V and 
bases P A and P B respectively, whilst P G represents 
the pitch plane of the common crown wheel. The 
semi-included angles E V P and F V P are the pitch 
cone angles 6, and 0, respectively, the pitch diameters 
D and d, and the diameter of the common crown 
wheel D,. 

Since the pitch cones roll together, the pitch circles 
P A and P B must have the same peripheral velocity, 
so that D/d=T/t=R. Now D=D, sin 0, and d=D, 
sin 6,, whilst 6)+0.=2. Hence 

_D_ Desin 0. 


~d~ Desin 6, 
or R sin 6)=sin 6 = sin (X— 6p), 
sin & 
whence tan 6,= =———, 
r P™ R+cos = 
It will be observed that this is the same expression 
as for the inclination of the “ratio line ’’ of spiral 
gears in the diagram, Fig 102 (Part XVI), and that if 
x= 90 deg., 
tan 6,=1/R. 
If = exceeds 90 deg., the expression may be more con- 
veniently written (to avoid confusion with signs) 
cos (x — 90°) 
R-—sin (X—90°). 
The diameter of the common crown wheel will be 
D,.=D/sin 6,=d/sin 95, 
and since for unit (diametral) pitch or module D=T 





tan 6,= 








Fic. 107—VIRTUAL PITCH DIAMETERS AND 
CENTRE DISTANCE 


and d=t, the number of teeth in the common crown 
wheel will be 
T.=T/sin 6,,=t/sin 9p. 
If == 90 deg., 
T.=t VR#4+1=VT?+2. 

Back Cones and Virtual Pitch Diameters.—In Fig. 
107 the lines P O and P Q at right angles to P V, if 
rotated about the respective gear axes, sweep out 
conical surfaces. These are termed “‘ back cones ”’ 
and the large end of the blanks are machined to this 
form as an approximation to the circumscribing 
sphere. The semi-angles V O P and V QP are the 
back cone angles and are complementary to the pitch 
cone angles (although they are sometimes measured 
from a line at right angles to the axis and are then 
equal to the pitch cone angles). When the surfaces 
of the back cones are developed they become segments 
of circles of radii O P and Q P respectively and their 
diameters are the virtual pitch diameters D, and dy, 
respectively. This means that the tooth profiles of 
bevel gears as seen on the developed back cones corre- 
spond to those of spur gears having diameters D, and 
d, respectively. It is usually and conveniently 
assumed that if the sides of the teeth of the common 





Gear Design. 


crown wheel are planes the tooth profiles of the bevel 
gear teeth when developed are similar to those of 
involute spur gears of the same diameters. This is 
only approximately true, but is sufficiently close for 
all practical purposes. 
The diameters of the virtual spur gears are seen 
from Fig. 107 to be equal to 
d,=d sec 8p 
D,=D see Oy 
whence 
ty=t sec Op 
Try=T see Oy. 
The ratio of the virtual spur gears is therefore 
T, Ros 6, 
ty 008 Oy 
R 
cos & +sin = tan 6p, 
and if 2=90 deg., 


Re= 





Ry=R?. 
Since most bevel gears connect shafts at right angles, 
the above results for £=90 deg. should be noted, 


_ 


Path of 
Contact 
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FiG. 108--DERIVATION OF OCTOID OF CONTACT 


particularly that for the virtual ratio, which is the key 
to the correction of bevel gear teeth. 

Tooth Profile.—Bevel gear teeth are generated from 
cutters which sweep out the surfaces of the teeth of 
the (imaginary) common crown wheel, and, the 
cutters being straight-sided, these surfaces are planes. 
For straight bevel gear teeth the tooth profiles of the 
common or basic crown wheel are circles lying in the 
fundamental sphere and containing the diameter. 
The curves which constitute the profiles of the con- 
jugate bevel teeth, taken in the same spherical 
surface, are known as “ octoids,”’ since the path of 
contact, when extended as far as possible, is a figure 8. 

Thus in Fig. 108, if A B represents a circle, of which 
the portion ab determines the crown wheel tooth 
profile, the full theoretical path of contact will be the 
looped curve ¢, Pe,¢c;. The form of this curve is 
determined by the fact that in any new position of the 
diametral plane containing the circle A B, as repre- 
sented, for example, by A, B,, the point of contact. 
will be that at which a normal passes through the 
pitch surface generator V P, as shown at c,. This is 
however chiefly of academic interest, since the active 
portion c, P c, of the path of contact is very nearly a 
straight line, and the assumption usually made is 
that that portion of the spherical surface which covers 
the teeth of the crown wheel can be regarded as a 
cylinder (.e., a back cone, to the pitch cone of zero 
cone angle) and that the profiles of the teeth of the 
crown wheel, wher this surface is developed, are 





straight-sided. The teeth of the virtual spur gears 
are then taken as conjugate to the basic rack which 
the developed crown wheel represents. Although a 
number of approximations are involved, no serious 
error which interferes with design is introduced, since 
the deviations of the theoretical profiles from the 
assumed involutes are taken care of in the generating 
process. 

“Basic Rack” Tooth Form for Bevel Gears.—-As 
mentioned above, the term ‘“ basic rack tooth form,” 
as applied to bevel gears, means the developed crown 
wheel tooth shape, or, in the case of spiral bevel 
gears, it may refer to the normal section. 

There is less uniformity of practice in bevel gear 
tooth design than in the case of spur and helical 
gears, for although the addendum is nearly always 
taken as 1-0 times the module, or 1-0+diametral 
pitch, the pressure angle and clearance are largely 
regulated by the practice of individual firms. Never- 
theless, British Standard Specification No. 545—1934 
for bevel gears calls for basic rack proportions 
generally similar to those for spur and helical gears, 
in that the pressure angle is 20 deg. and the clearance 
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Fic. 109—B.S. BASIC RACKS FOR BEVEL GEARS 


is 0-25 times the module. The form of the clearance 
curve, however, cannot with, the usual methods of 
generation be made to approach a semi-circle as 
closely as for spur gears, for the reason that the 
width of tooth space diminishes as the small end or 
‘toe’ of the teeth is approached, and the generat- 
ing cutters must pass through this space. Similarly, 
whilst ‘‘ easing ’’ of the tips is permissible, it can 
conveniently be applied only when the teeth are 
planed to templets and not generated. Similar 
remarks apply to spiral bevel gears, and although by 
specialised methods it is possible to obtain both a 
better form of clearance curve and a certain amount of 
easing, such methods are not often applied owing to 
practical difficulties, and spiral bevel gears are, as a 
rule, deficient in fillet radius. 

Fig. 109 shows the form of the B.S.I. basic rack for 
straight-toothed bevel gears, dimensions being given 
in terms of circular pitch, diametral pitch and module. 
It may be noted that the use of module is very con- 
venient in bevel gear design, since, on account of the 
change in tooth section or scale with change in distance 
from the apex, there is no need to restrict the design 
to any arbitrary pitch on the pitch circles. In what 
follows, therefore, dimensions will be given in terms 
of the module only, the relations for other pitches 
having already been frequently repeated. 

Most spiral bevel gears are cut on the Gleason 
curved-tooth system, the proportions for which are 
based on a normal pressure angle of 144 deg., except 
for small numbers of teeth, when the pressure angle 
is made either 17} deg. or 20 deg. The linear dimen- 
sions measured on the developed back cone, are 


Addendum = 0: 85 
Dedendum = 1-038 
Clearance = 0-188. 


The spiral angle is usually about 30 deg.; the 
relation between spiral angle and circular and normal 
pitch is the same as for helical gears, namely, 


Pn=Pp COs o, 
Pnr=P sec o, 
Mn=M COS c. 


There are several other types of spiral bevel gear ; 
the misnamed “helical ’’ bevel, in which the tooth 
spiral on the developed pitch cone is a straight line 
offset from the centre, the Archimedean spiral type 
produced by end-milling or planing, a hobbed type 
having a modified involute tooth spiral, and those 
produced by a combination of a reciprocating tool 
and a continuously rotating blank, to mention only 
the more important. Each of these systems has its 
own peculiar tooth proportions, usually devised by 
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the makers of the generating machines, and space 
does not permit more than this reference to them. 

Tooth Correction.—On the basis that the tooth form 
of a bevel gear is substantially the same as that of 
the virtual spur gear having Ty=T sec 6 teeth, tooth 
correction in order to eliminate undercutting or to 
give better average conditions of tooth contact can 
follow exactly the same lines as for spur gears. 

The rules already given for spur gears are based 
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Fic. 110—VIRTUAL TOOTH-SUM OF BEVEL GEARS 


on the gear ratio, and in the case of bevel gears 
having a shaft angle of 90 deg., their application is 
particularly simple, since it has already been shown 
that the ratio of the virtual spur gears is equal to the 
square of the ratio of the bevel gears. Provided 
therefore that the virtual tooth-sum exceeds 60, the 
correction coefficient for the pinion will be 


lsat (1-2) =0-4 (a (5) ) 


that for the wheel being equal and opposite. The 
virtual tooth-sum which limits the application of this 
rule, for X= 90 deg,., is 


T,+t,—t see 6p(1-+ R?) 
all R282 

Again, in the same way as for spur gears, the correc- 
tion coefficient for the pinion should not be less than 
0:02 (30—z) if this is greater than that obtained 
from the formula given above. If the virtual tooth- 
sum is less than 60, the preceding expression deter- 
mines the correction coefficients for both the wheel 
and the pinion, using the values t, and T, respectively. 
Fig. 110 shows at a glance the ratio of the virtual 
tooth-sum to the number of teeth in the pinion, and 
Fig. 111 the virtual ratio and corresponding correction 
coefficient kp for a range of shaft angles. 

Calculation of Detail Dimensions.—The values of 


2078 161514 13 1:2 
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the addenda and dedenda of a pair of bevel gears, 


calculated from the pitch, tooth proportions, and 
correction coefficient, are measured not radially but 
along the back cone. Thus in Fig. 112, for example, 
the tooth profiles of a pair of bevel gears having twelve 
and sixteen teeth respectively are shown in the 
approximate development as those of the virtual 
spur gears on centres O, and Q;. The radialdimen- 
sions of the virtual spur gears are then transferred 
to the back cones, from which it will be seen that, 
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given the developed radial dimensions (for unit 
diametral pitch or module), 


A=1—k 
a=1-+k 
B=1-25+k 
b=1-25—k 


(substituting, in any other than the B.S.1. system, the 
value corresponding to 1-25 according to the value 
of the clearance), the proportions of the bevel gears 
will be : 


d=t 
D=T 
C=d/sin 9p 
tan a=2a/C 
tan a,=2 A/C 
tan Bp=2 b/C 
tan B,=2 B/C 
Pp=Op+ap 
Pu = Oo + Or 
Pp=8p—Bp 
Pw = Yao — Pu 
ae=a Cos By 
A.=A cos 6, 
j=d+2a, 
J=D+2A, 


l,=a sin 6p 

ly~=A sin Oy. 
Actual linear dimensions are, of course, found by 
multiplying by the module. 
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FIG. 112—DEVELOPED TOOTH FORMS AND DETAIL DIMENSIONS 























FiG. 111—VIRTUAL RATIO AND CORRECTION COEFFICIENT 









It may perhaps be observed that Fig. 111 has been 
drawn for uncorrected 20 deg. teeth, and since the 
virtual numbers of teeth are found from 

tan §,= 12/16 or sec 6,=1-25 
tan 6,,— 16/12 or sec 6,= 1-667, 
ty=12 x 1-256=15 
T,=16 x 1-667=26-7 


the pinion is slightly undercut and the tooth-sum 
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is less than 60. This is a case which should be 
corrected in the manner described below. 

Virtual Tooth-sum Less than 60.—The method of 
extending the centre distance and thus increasing 
the pressure angle, described in some detail in a 
previous article with reference to spur gears, can be 
applied in a comparatively simple way to straight 
bevel gears. The principle governing the slight 
modification in procedure which becomes necessary 
in this case will be explained with reference to 
Fig. 113. 

In this diagram VO and VQ are the axes of a 
pair of bevel gears having T and ¢ teeth of unit pitch, 
and a pitch point P, 6) and 6, having their usual 
significance. Now the back cone generator A PB 
at right angles to the pitch cone generator V P will 
have a length corresponding to the centre distance 
of the uncorrected virtual spur gears and will thus be 
equal to $ (T,+tr) ; let this be denoted by Cp. 

According to the recommendations previously 
given, the correction coefficients for the wheel and 
pinion can be found, and from them the increase e 
in centre distance and pressure angle of engage- 
ment |), which the virtual spur gears would require 
can be calculated by means of the formule given in 
Part XIV. 

Now, reverting to Fig. 113, another line A, B, 
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FIG. 113—PRINCIPLE OF CORRECTION BY EXTENSION 
OF VIRTUAL CENTRE DISTANCE 


may be drawn parallel to A B intersecting the pitch 
cone generator at p;, and if the ratio Vp;/V P is 
made equal to (Cp+e)/C», A, ps and B, p; will represent 
the pitch radii of engagement of the virtual spur 
gears after the correction has been applied. Further, 
P may be projected on to A,B, in two directions 
parallel to the axes V A and V B respectively, giving 
the points p, and p,; these will be the pitch points 
of generation of the corrected virtual spur gears, and 
are projected on to the line of centres A, B, at P, 
and P,, whilst P, corresponds to the pitch point of 
engagement. 

Hence, having found the detail dimensions of the 
corrected virtual spur gears according to the methods 
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previously given, they may be measured off along 
the back cones from the points p, and p, respectively. 
They are, however, more conveniently expressed 
by dimensions from the pitch point of engagement 
Ps, and this involves adding and subtracting the 
dimensions p, p; and p,p, as the case may be. These 
are given by : 

Py Py=$ ty e/Cy 
and 

Pz Ps= 43 Tr e/Cr 


The gears themselves can be generated by means 
of cutters of the standard pressure angle of generation 
vy by rolling them about pitch cones represented by 
the lines V p, and V p, respectively. The pitch cone 
angles of generation will accordingly differ from the 
pitch cone angles of engagement by the angles p,V p; 
and p, V ps as the case may be. Considering the 
pinion (the wheel being dealt with in the same way) 
it will be seen that 


A, P,=A, Ps cos He/cos ty 
whence 

P, P3;=A, P, (1 
Now the angle p, V ps3, or 8, say, will have a tangent 
equal to p, p3/V ps, whilst A, p,/V p,—tan 8; hence 


cos te/cos bg) 


tan $=tan @ (l—cos ,/cos bg) 
and 


69= Op ‘ai 84 


In actual design, the foregoing procedure is 
reversed. Either the cone distance C (not to be con- 
fused with the centre distance Cy, of the virtual spur 
gears) or the pitch diameters will first be assumed, 
resulting in a module m=d/t=D/T. Then: 


(a) Tooth proportions for the virtual spur gears, 

corrected in the same way as ordinary spur gears, 
‘ are calculated for unit pitch and reduced in pro- 
portion to a module of generation mg=m C,/(Cy+e). 

(6) The addenda and dedenda are found, 
measured from the pitch point of engagement. 

(c) The face and root angles are calculated from 
the addenda and dedenda measured from the pitch 
point of engagement. 

(e) The pitch cone angles of generation are found 
from the pressure angle of the corrected virtual 
spur gears, 7.e., the pressure angle of engagement. 


Since all the essential data centre round the virtual 





spur gears, and lend themselves to tabulation, the 
above procedure is in practice by no means as formid- 
able as may at first sight appear. It has the additional 
advantage that tooth thickness dimensions can for all 
practical purposes be taken as for the virtual spur 
gears. Moreover, the occasions when an increase in 
pressure angle is necessary are rare, and most ordinary 
cases involve no more than the simple positive-and- 
negative correction. 

Tooth Correction for Spiral Bevel Gears.—Spiral 
bevel gears bear somewhat the same relation to 
straight bevel gears as helical gears do to spur gears. 
The analogy is exact only when the spiral angle is 
constant, but this (logarithmic) tooth spiral is not 
used in practice, and in the usual types of spiral bevel 
gear the spiral angle either increases or diminishes as 
the apex is approached. Taking the minimum value 
of the spiral angle as o, however, and with the same 
reservations in regard to the approximations involved 
as were discussed in connection with helical and spiral 
gears (Part XVI), it may be said that on a normal 
section the tooth profile corresponds to that of a 
virtual spur gear having t,=¢ sec 0 sec* a teeth. The 
cases in which the resulting virtual tooth-sum is less 
than 60 are so rare that the choice of correction coeffi- 
cients can be based on the simple rule involving ratio 
only. 

Tooth Thickness.—The efiect of the curvature of 
the back cone on tooth thickness calculations is so 
small that it can be neglected, and the procedure is 
therefore exactly the same as for the virtual spur 
gears. “‘ Constant chord ” measurements are particu- 
larly convenient and since they are independent of 
the number of teeth and depend only upon the correc- 
tion coefficient, the necessity for calculating virtual 
numbers of teeth disappears from all calculations 
except where increase of pressure angle is required. 

Face Width.—Without at this point entering into a 
discussion of the desirable relations between the 
leading dimensions of gears, it may be mentioned 
that there is no advantage, but rather a disadvantage, 
in making the face width of straight bevel gears more 
than one-third of the cone distance ; for spiral bevel 
gears it is more often made one-quarter or less. The 
relation between face width, pitch, spiral angle, and 
tooth advance will, of course, depend upon how the 
spiral angle varies along the length of the tooth and 
is best established graphically for each individual case. 

(To be continued.) 
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boned years ago, on January 20th, 1846, Sir 
LN John Rennie, the third President of the Institution, 
made, on @ similar occasion to the present, a very 
notable speech, calling it “a retrospective glance 
at the changes which have been effected in Great 
Britain since the days of that great man Smeaton.” 
In 1724, when Smeaton was born, “there were,” 
said Rennie, “no canals, railways, nor artificial 
harbours, or machinery, which at the present day 
would be thought worthy of the name; and the 
public roads were little better than mere tracks across 
the country.... The inland transport was chiefly 
carried on the backs of pack horses.”” By 1846 there 
had been a complete change. Britain had become the 
foremost nation in the world in wealth, power, 
and prestige; the reason was given by Huskisson 
when, addressing in 1824 a meeting in London on the 
proposed memorial in Westminster Abbey to James 
Watt, he said: ‘‘ Looking back to the demands 
which were made upon the resources of the country 
during the late war, perhaps it is not too much to 
say—at least, it is my opmion—that these resources 
might have failed us before the war was brought to a 
safe and glorious conclusion but for the creations of 
Mr. Watt and of others moving in the same career, 
by whose discoveries these resources were so greatly 
multiplied and increased.... But for the vast 
accession thus imperceptibly made to the general 
wealth of the Empire, we might have been driven to 
sue for peace, before, in the march and progress of 
events, Nelson had put forward the last energies of 
his naval genius, or, at any rate, before Wellington 
had put the final seal to the security of Europe at 
Waterloo.” The great material expansion and 
development of Great Britain was due to “the 
creations of Mr. Watt and others moving in the same 
career.” 

The President’s Address of 1846 contains the story 
of these men and their works—of Smeaton, Watt, 
Telford, the great Rennie, Jessop, Chapman, Huddart, 
Murdoch, Maudslay, Miller, and many others; “of 
the construction of roads, bridges, aqueducts, canals, 
river navigation, and docks for internal intercourse 
and exchange”; “the construction of ports, har- 
bours, moles, breakwaters, and light-houses, and in 
the art of navigation by artificial power for the 
purposes of commerce”; the “construction and 
adaptation of machinery,” the “drainage of cities 

* Extracts from the Presidential Address of Sir Alexander 
Gibb, G.B.E., C.B., F.R.S., before the Institution of Civil 
Engineers, November 3rd, 1936. 





and towns,” and of all the other branches of engi- 
neering born in that wonderful age, and so impres- 
sively referred to in the Charter of our Institution. 

The world had apparently for centuries stood still ; 
and then suddenly there arose a body of great engi- 
neers, who in a few years created a new era. How 
did modern engineering rise so suddenly and so 
quickly blossom into great works and inventions ? 
It was, I would suggest, a natural evolution from the 
more abstract discoveries of science, or natural 
philosophy, as it would then have been called. From 
the middle of the sixteenth to the end of the seven- 
teenth century there was a marked revolt of thought 
against prejudice and authority. In 1543 Copernicus 
published his great work. He was followed by many, 
such as Galileo and Kepler; the new ideas reached 
the public mind through the works of men such as 
Bacon and Descartes. Newton’s “ Principia” was 
published by the Royal Society in 1687. The evolu- 
tion went on; science and scientific thought were 
being established, and in due course there followed 
engineering. So, at least, engineers themselves 
thought—I believe rightly. 

H. R. Palmer, actually our first member, said that 
“the Philosopher” (that is to say, the Scientist) 
“searches into Nature and discovers her laws and 
promulgates the principles upon which she acts. The 
Engineer receives those principles and adapts them 
to our circumstances. The working mechanic 
governed by the superintendence of the Engineer, 
brings his ideas into reality.” Palmer, I need hardly 
remind you, was, so far as any one man can claim the 
credit, the founder of this Institution, and my 
quotation is from the paper that he read at the first 
meeting of the Institution of Civil Engineers in the 
Kendal Coffee House on January 2nd, 1818. From 
the outset, engineers thus looked on themselves as 
the practical exponents, for the ordinary use of man- 
kind, of the scientific knowledge won by great 
scientists and mathematicians; and so they are 
still. ‘‘ From research by itself,’’ wrote Lord Ruther- 
ford in his 1934-35 report on the Department of 
Scientific and Industrial Research, ‘“‘ practical benefits 
can seldom be expected; processes, however pro- 
mising in the laboratory, need development and 
method in their application if they are to be useful 
under factory conditions; and prosperity will only 
be restored when industry is prepared to carry the 
knowledge gained by research to a further stage and 
apply it to meet daily needs.” 

The basis and justification of the existence of the 





engineer, and his contribution to civilisation, exist 
in the fact that the application of science to practical 
use is in fact engineering. Without the engineer, 
I would claim, civilisation as we know it could never 
have been achieved. This was the type of man that 
in Rennie’s review was shown to have changed the 
whole outlook and life of this country. The same 
type of man, in the ninety years since 1846 has 
changed the face of the world and has created the 
British Empire. It is in no spirit of boasting that 
I would say that. 

The marvels of engineering have, in fact, surprised 
each generation in turn. Sir John Hawkshaw, 
addressing the members of this Institution in 1862, 
said: ‘....The last twenty or thirty years have 
been the age of engineers and mechanicians. ... For 
in constructing railways, telegraphs, and steamboats 
and their adjuncts, docks and harbours, and mould- 
ing and fashioning the face of the material universe 
to the wants of man, in overcoming barriers, over- 
leaping valleys and spanning seas, engineers annihilate 
both space and time, bring into juxtaposition both 
nations and peoples, and accelerate, beyond all 
human expectation, personal communication and 
that interchange of ideas which is all important to 
the advancement of civilisation and knowledge. 
Distance and separation have led and will always 
lead to misapprehension and prejudice—to ignorance 
and mistrust ...and engineers may feel, when 
labouring on the great public works that facilitate the 
intercourse of nations, that they are not merely con- 
quering physical difficulties, but that they are also 
aiding in @ great moral and social work.” 

Again, only in last May wrote Mr. Vincent Massey, 
High Commissioner for Canada in this country : 
“Canada, in a very special way, may be considered 
the child of modern engineering. The growth of 
land, sea, and air transport during the last half 
century, and, above all, the use of hydro-electric 
power in recent years, have made it possible to build 
from the scattered colonies of British North America 
one of the foremost industrial nations of the world.” 

There could be no better instance of engineering as 
@ factor of nation or Empire-building, and I would 
like to follow further along the lines of thought to 
which Mr. Massey’s statement gives rise. The years 
since 1846 have been so packed with invention, 
development, and exploitation that I would not 
attempt even to summarise in the briefest fashion 
the great names and the great deeds of the last two 
generations. I want, however, to remind you of 
some of the works of civilisation that engineers 
have carried out. All the instances that I shall quote 
are doubtless known to us here, but are not always 
sufficiently remembered and appreciated outside 
these walls. Let me say here that I speak of engineers 
and engineering in the widest sense—in the sense 
that the first civil engineers understood it—for which 
broad interpretation this Institution still stands. 

Canals.—Historically one should perhaps in such 
@ survey start with canals. ‘‘ The opening up of 
the internal communications of a country,” said 
Cobden, ‘‘ is undoubtedly the first and most important 
element of its growth in commerce and civilisation. 
Hence,” he adds, “‘ our canals were regarded as the 
primary material agent of the wealth of Great 
Britain.’”’ This country in the eighteenth and early 
nineteenth centuries did, indeed, owe an enormous 
debt to the canals which were then the sole means of 
transporting heavy goods over long distances, except 
in the few favoured areas served by navigable river- 
ways. They played a much less important part in 
Empire building. Hardly had they been introduced 
into the Colonies before they were for the most part 
superseded by railways. There are, however, some 
notable exceptions. Much of the time spent by our 
predecessors on canal building seems now to have 
been a pathetic and unhappy waste of skill, energy, 
and money; but we must not let our judgment be 
obscured by a knowledge and experience which is 
ours, but which was not theirs. 

Roads.—Roads have now, I suppose, succeeded to the 
first place as the main arteries of any country. Equally 
they must be almost the first engineering project in 
any new settlement or colonisation. More than 
1,000,000 miles of modern roads now serve the 
Empire. Even yet we are only on the threshold in 
many countries. In Kenya, out of 10,500 miles, 
only 723 have a metalled surface, the remainder 
being earth roads, impassable after heavy rain. In 
the 370,000 square miles of Nigeria, more than half 
of the 15,000 miles of road are fair-weather roads only. 
I have selected these two at random merely to give 
some idea of the immense amount of work that still 
awaits the road engineer. 

Bridges.—‘‘ The bridge,” it has been said, “ even 
more than the road, is @ symbol of man’s conquest 
of nature.” Certainly some of the most wonderful 
engineering works of all ages have been bridges, 
not only from an esthetic or a technical point of 
view, but from a cultural and civilising aspect, too. 
As recent examples of the effect of individual bridges 
in opening up and changing the economy of a whole 
country, one cannot do better than instance the 
12,064ft. long Lower Zambezi Bridge, the longest 
bridge in the world, opened in 1935, or the Birch- 
enough Bridge over the Sabi River in Southern 
Rhodesia, which reduced from 600 miles to 450 miles 
the route between Bulawayo and Beira, and makes 
readily accessible for the first time a wide area in the 
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east of Southern Rhodesia. We are entering into an 
age of immensely large bridges. There is technically 
almost no limit to what the engineer can bridge, 
which means incidentally that one of the most effective 
of natural boundaries—the river—now ceases to be 
of material import. 

Railways.—Railway construction in the Empire 
may be said to date from the middle of last century ; 
the first railway was opened in about 1850 in Canada 
and Australia, in 1853 in India, and in 1860 in South 
Africa. In 1850 Canada had 66 miles of railway ; 
she has now 43,000 miles, whilst India has about the 
same. Australia has nearly 30,000 miles. In such 
vast countries, the railways have been for many years, 
and still are, the only through transport routes. They 
afforded the only means by which great continental 
areas could be opened up. I might quote two striking 
instances, well known though they are. The Indian 
railway systems, long before they were completed, 
banished for the first time in that world-old country 
the ever-present spectre of famine. The Canadian 
Pacific Railway—perhaps the greatest of all individual 
works of Empire-making—brought a new ocean into 
the Empire. Vancouver has recently been celebrat- 
ing its jubilee. In 1862 there was a log cabin and 
three men on Burrard Inlet. To-day Vancouver has 
a population of over 300,000, has shipped over 
100,000,000 bushels of wheat in a@ single year, and, 
through the Canadian railway systems, is the Pacific 
outlet for an area of 1,000,000 square miles. 

Ships.—The steamship era came into being more or 
less simultaneously with the railways. Develop- 
ment has been amazingly rapid. In this, the year of 
the maiden voyage of the “‘ Queen Mary,” it is striking 
to recall that sixty years ago the Cunard Company 
still possessed a paddle steamer for the Atlantic 
service, the old “‘ Scotia.” It was the application of 
steam and steel to shipbuilding that has enabled this 
country for eighty years to be the greatest ship- 
builder and shipowner in the world. Before the war 
the Empire owned nearly half the world’s tonnage ; 
it still owns a third. We dominated for years the 
Seven Seas, and it was because of that that our young 
Dependencies and Colonies could pass, peacefully 
and untroubled, the early difficult years of develop- 
ment and growth. 

Ports.—Increasing changes in ships and in the busi- 
ness of shipping during the last century have had 
their effect on port engineering, and it has some- 
times seemed that the demands of shipping threaten 
to impose burdens on ports that, while not beyond 
the engineer’s technical skill, may cease to be 
economic. With maximum draughts up to 4O0ft., 
the largest Atlantic liners can now berth in less than 
a dozen of the major ports of the world, and only 
very heavy expenditure has made even this possible. 
It was, I might add, near a point on the Clyde where 
Smeaton’s old chart shows 42in. at high tide that the 
‘* Queen Mary ”’ was launched in 1934. 


Transport.—I have referred to the major means 
of trarisport on land and sea, on the success of which 
modern civilisation, with its increasingly artificial 
conditions, is dependent. At no time has engineering, 
I think, failed technically to keep abreast of growing 
demands, although to a great extent, the demands 
themselves have grown out of the opportunities 
that the engineer creates. There is, indeed, a danger 
that the machine may take charge, and perhaps the 
greatest problem that the engineer now has to face 
is the sane control of the forces of engineering. 
Nowhere is this more obvious than in transport. 
Co-ordination of transport has been started in this 
country, but has not yet got very far. It seems to 
me certain that sooner or later we must come to 
something like a unified control, at least in all 
questions of broad policy, of all means of transport. 

Agriculture——The droughts of the Middle West 
of the last few years have, perhaps, caused some 
doubts as to the ultimate result of turning the 
western provinces of North America into the greatest 
grain-growing area in the world. New ideas and 
inventions are all sooner or later pressed a little too 
far, and that may have happened there to some 
extent. Broadly and basically, however, it was 
creative civilisation in its best form that brought 
into cultivation in western Canada 25,000,000 acres 
of virgin soil which now produce over 400,000,000 
bushels in a year ; this result was rendered possible 
only by the adaptation of engineering inventions 
at every stage, in the forms of the plough, the 
—— the railway, the grain elevator, and the 

p. 

Irrigation.—The effects and successes of irrigation 
are perhaps even more striking. It is in principle 
as old as man, but, with the exception of one or two 
localities, it is within the last two generations only 
that it can be said to have had anywhere more than 
purely local significance. After the notorious Indian 
famine of 1865-67, irrigation works were started there 
on modern lines. That famine affected an area of 
180,000 square miles with a population of forty- 
seven million people. The great famine of Southern 
India in 1876-78 involved 257,000 square miles and 
fifty-eight million people, of whom 5} millions died. 
Famines do not now occur in India; shortage and 
scarcity exist at times, but the possibility of areas 
of the size and population of Great Britain being 
left without food owing to failure of a capricious 
monsoon has long since been ended. In 1931 over 


by Government irrigation works in India, at a capital 
cost of about £102,000,000. The yeacly value of the 
crops reaped from the irrigated land is about 
£65,000,000. The latest, and perhaps the most 
spectacular, of Indian irrigation projects is the 
Lloyd Barrage across the Indus at Sukkur, built 
at a cost of over £15,000,000. It has more than 
doubled the area of cultivated land in the whole 
Province of Sind. It, too, like many great engineering 
works, is having its difficulties such as are inseparable 
from major interferences with Nature, but no one 
doubts that the engineer will win in the end. 

In speaking of irrigation, mention of Egypt should 
not be omitted. Since the British connection began 
in 1882, the repair and extension of the old irrigation 
system has more than doubled the productivity of 
Egypt, and has resulted in the growth of the popula- 
tion from under seven millions in 1882 to over fifteen 
millions to-day. 

I would, in passing, refer to another type of irriga- 
tion in the Great Australian Basin of 600,000 square 
miles, where, as there are no rivers, over 3000 artesian 
wells now tap the subterranean water, giving a daily 
flow of 500,000,000 gallons. 

Other Branches of Engineering.—I must devote a 
little time to some as of the greatest engi- 
neering development of the latter part of the nine- 
teenth century, namely, the applications of elec- 
tricity, including the telegraph, the telephone, 
wireless in all its forms, electric light, heating and 
refrigerating, electric railways, electric furnaces, 
electric motors, electro-chemistry—itself a vast 
subject—and so on. Within two generations the 
telegraph and telephone have become the principal 
channels of business communication. The develop- 
ment of wireless is within the memory of all. Many 
of us had already started on our engineering careers 
when the first electric railway, the City and South 
London tube, was opened. By radio the most distant 
parts of the world are divided in point of time by the 
smallest fraction of a second only. Space, at least 
within the confines of this small planet, is ceasing to 
have any meaning. In another field of electrical 
engineering, the profound effects of the large-scale 
development of power from water has already been 
referred to. Industry is no longer chained to coal- 
fields. Adverse though it has been in some ways to 
our own narrower national interests, the rise of hydro- 
electricity has been one of the most powerful influences 
in Empire development. The most spectacular 
example of all is Canada. The total installed power 
there is 8 million horse-power, more than four-fifths 
of which is in the industrial provinces of Ontario and 
Quebec, where there is no coal. More than 95 per 
cent. of Canada’s generating plant is water operated. 

So much for examples; they are but sketchy. I 
hope I have, however, sufficiently illustrated the two 
points with which I started—that engineering, turn- 
ing to practical account the discoveries of science, is 
the basis of all civilisation, with all its achievements 
as well as its faults; and that in the same way engi- 
neering has been the foundation of our own great 


imposing claims to put forward, and serious responsi- 
bilities to assume, but they are, I feel, justified. If 
this high position has not always been accorded to us 
engineers by popular opinion, it is, I fear, in some 
degree because we ourselves have not always fully 


realised it. Although I am only speaking as the 
President of the Institution of Civil Engineers, I 
would humbly claim that the whole history, mtention, 
and objects of our Institution justify me in speaking 
on such a matter for all engineering in this country. 
I have failed in my intention if I have not demon- 
strated what engineering has done in moulding the 
history of the world and of our Empire. In my 
opinion the opportunities of the future are vastly 
greater than any that the past has offered, but, 
frankly, I look with anxiety on the years tocome. The 
machine, as I have already said, sometimes seems to 
be taking control. Inventions and developments 
succeed one another with bewildering speed, and 
there seems, unfortunately, to be no limit to the 
possible results of uncontrolled and misapplied 
ingenuity. In such circumstances no one can say 
where engineering may lead us or what limit there is 
to the power of the engineer. One thing is certain, 
and that is that there must be control. 

This is an age of ever-increasing specialisation. 
The ramifications of engineering enterprise are end- 
less. After all, engineering, I estimate, provides 
directly or indirectly the livelihood of about one- 
seventh of our working population. It is mevitable 
that engineering should have become split up into 
dozens of different categories and groups. There are 
in this country alone over a hundred reputable engi- 
neering institutions and societies, with their own 
objectives and supporters. Sometimes we seem to 
lack that sane outlook and wider vision that character- 
ised the outlook of our own Institution in its earlier 
days. If, however, we are to be able to deal ade- 
quately with the great problems of the future, we 
should, I am certain, seek now to put a brake on this 
continuous disintegration, and should, attempt in 
some form or other to co-ordinate and unite engi- 
neering activities in the broadest sense. This is a 
view on which I have, I believe, the support of many 
eminent ineers. It is not my intention here to 
attempt to detail means of attaining the objective 
that I put before you, but I would emphasise as 
strongly as I can the necessity for all of us, individuals 
and Institutions alike, to subordinate some of our 
more personal and independent views and feelings 
to a common policy. 

I would like to implant in the mind of every engineer 
in this country the idea of co-operation. I would like 
it to be possible for one broad policy to inspire and 
guide all classes of engineer. I would hope that in 
time there would arise a body of engineering opinion 
so weighty, so authoritative, so sure, so sane, that it 
would prevent waste of energy and misplaced enter- 
prise, and would inevitably command attention in the 
politics and administration and life of our country 
and our Empire. I believe that that would be the 
greatest—and perhaps the only—safeguard for the 





Empire—as it must be of every Empire. These are 


future of civilisation. 








HE Sixth German Foundry Exhibition was held 
at Diisseldorf this year from September 17th to 
27th, and although at the time of writing no exact 
information is available as to the total number of 
visitors, it was apparent to the most unobservant 
from the crowded condition of the halls each day that 
the Exhibition was a highly successful one from the 
point of view of attendance. As it coincided with 
the opening of the International Foundry Congress, 
English visitors were particularly numerous, and it 
is probable that close upon 1000 foundrymen from the 
United Kingdom took the opportunity of examining 
for themselves the latest developments of German 
practice in this field. 
The exhibits were housed in nine large communicat- 
ing halls, and there were in all about 170 exhibitors, 
comprising makers of foundry equipment, iron and 
steel foundries, group exhibitors, such as those of the 
gas and electrical industries, and various associations 
which contributed statistical and historical exhibits. 
Approximately two-thirds of the total floor space was 
devoted to the exhibits of foundry plant and equip- 
ment, most of which was demonstrated more or less 
under working conditions, the remainder of the space 
being taken up by the very informative statistical 
and historical exhibits bearing upon the foundry and 
allied industries. 
Whatever may be the German position in the export 
field, it is perfectly clear from the official figures 
relating to the total consumption of coal, coke, gas, 
and electricity that internally there is a marked 
improvement in trade conditions in the foundry and 
engineering trades as compared with five years ago. 
This improvement in trade is also reflected in the 
membership roll of the German Foundrymen’s Asso- 
ciation (Verein Deutscher  Giesserfachleute), which, 
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after declining steadily from 1930 to 1933, has since 
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the latter year shown a steady and marked increase. 
The Exhibition at first sight gave the impression 
that the mechanisation of foundries in Germany had 
been brought to a very high pitch, although this 
impression was largely due to the fact that there were 
very few exhibits of the numerous simpler items of 
foundry plant and equipment which are everywhere 
in general use. In equipment for dressing and clean- 
ing castings, the use of the sand blast for projecting 
the sand or shot on to the work to be cleaned is being 
largely superseded by centrifugal machines for the 
same purpose. This system has been more largely 
developed and used in Germany than in this country, 
and almost all the leading makers who have pre- 
viously specialised in sand-blasting equipment are 
now manufacturing machines operating with various 
types of centrifugal impellers. There were also 
numerous small improvements to be noticed in the 
way of equipment for lightening the manual labour 
involved in the distribution of metal from the cupola 
to the moulds as well as in handling the sand. An 
engineer without actual foundry experience might at 
first be di to consider that the mechanisation 
of some of the smaller and simpler units has been 
pushed to extreme limits, but when it is borne in 
mind that to produce a ton of finished castings more 
than 200 tons of material may have to be handled in 
or about the foundry, it is clear that there is ample 
room for the use of mechanical appliances for lighten- 
ing the burden of manual labour in this industry. 


MACHINES FOR CLEANING AND DRESSING CASTINGS. 


In this class of machine, Vogel and Schemmann 
A.G., of Hagen-Kabel, exhibited on Stands 251-252, 
Hall 8, two different types, one a cabinet-enclosed 
tumbling barrel, and the other a rotary table machine, 
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which latter is illustrated in Fig. 1. It will be seen 
that in general appearance this machine strongly 
resembles the normal type, but in this design the 
sand or shot is directed upon the work carried on 
the rotary table by two centrifugal impellers situated 
at the rear. The used shot or sand falls through the 
table grating, and is elevated by means of a con- 
tinuously running bucket elevator to a hopper 
situated above the table, from which point it is again 
fed by gravity to the impellers. With the centri- 
fugal design of machine, the wear and tear on the 
impeller vanes is naturally severe, but it is stated that 
each pair of vanes has a life varying from thirty to 
sixty hours, according to the class of abrasive used, 
and the cost of replacement is under 2s. per pair, or 
approximately 4s. per week for the machine exhibited. 
This machine had a table 90in. diameter, and was 











FiG. 1-ROTARY TABLE CLEANING MACHINE—VOGEL 


demonstrated cleaning pipes and elbows. The 
rate of output naturally varies with the class of 
work to be cleaned, but it is possible for ordinary 
grey iron castings to be freed from sand in one 
revolution of the table, although two revolutions 
would be required to give the castings the normal 
‘“sand-blast finish.” Non-ferrous castings require 
two revolutions of the table, while castings intended 
for vitreous enamelling require from six to eight 
revolutions. It is stated that German practice 
has shown that the power consumption of machines 
of this class is of the order of 5 to 6 H.P., as against 
80 H.P. when operating with compressed air at 80 Ib. 
pressure in a sand blast machine for the same weight 
of output. 


PRESSURE DIE-CASTING MACHINES. 


Gebr. Eckert, of Niirnberg, exhibited in operation 
on Stand 245, Hall 8, the ‘ Preguss”’ pressure die- 
casting machine shown in Fig. 2. This machine is 
suitable not only for casting white metal and alumi- 
nium alloys, but also for copper alloys with up to 
90 per cent. Cu. It has a die capacity up to 12in. by 
18in., and is suitable for castings weighing up to 





1} lb. (brass), production being at the rate of two to 
six castings per minute. It is stated that with this 
machine the metal can be worked in a plastic rather 
than in a fluid condition, and the resulting castings 
conform broadly to the following limits :—(a) 
Parallel to the line of partition of the die plus or 
minus 0-003—0-004in., and perpendicular to the line of 
partition plus or minus 0-004-0-006in. The machines 
are made in four sizes for hydraulic operation at 
pressures from 1800 Ib. to 2700 1b. per square inch. 
The design allows the speed of the piston to be varied 
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FIG. 3-WORKING PRINCIPLE OF DIE- CASTING 
according to the characteristics or temperature of 
the metal to be cast, and it is also possible to vary 
the pressure of the piston independently of the closing 
pressure for the dies, thus greatly facilitating the 
problem of die design. Operation is effected by a 
single foot lever. It will be noticed from the illus- 
tration that the longitudinal tie rods are not arranged 
on the same horizontal plane, but at an angle of 
45 deg., which makes the die accessible from four 
sides, and greatly facilitates the arrangements for 
core drawing. It is therefore possible with such a 
machine to effect die 
changeover in ten to fifteen 








a portable electrically operated machine, the sand 
being shovelled into the hopper on to a rapidly running 
stepped conveyor belt, which projects the sand 
through a sieve at the end of the hopper, and effec- 
tively breaks up all lumps of sand. On passing 
through the sieve the sand stream is directed under 
an electro-magnetic drum which removes all traces 
of iron from the sand. The strength of the electro- 
magnet is such that it will readily remove all pieces 
of iron which are likely to be found in the used sand 
from any moulding machine installation up to about 
20in. by 12in. capacity. 
The driving motor is housed 
in a well-protected casing 
situated over the axle of 
the machine, and in the case 
of A.C. supply the driving 
motor is also coupled to a 
smaller D.C. machine for 
supplying the electromag- 
netic separator. Once the 
sand has been thoroughly 
freed from all traces of 
iron, the separating device 
can be switched off by means of the lever shown 
at the right-hand side of the machine, and 
the latter used as a simple sand riddle and 
aerator. The consumption of the machine 
exhibited is 3 H.P., of which approximately } H.P. 
represents the current taken by the magnetic sepa- 
rator, and in output it is capable of dealing effectively 
with the sand which can be shovelled into the hopper 
by three men. 
MOULDING MACHINES. 
Exhibits of moulding machines were especially 
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minutes. 

In operation the metal 
is melted im an_inde- 
pendent gas-fired furnace 
placed alongside the 
machine, and the requisite 
amount of metal is charged 
into the machine at each 
stroke of the piston by 
means of a hand ladle. 
This ladle does not pass the 
path of the press piston, so 
that no accident can occur 
from this cause. It is, 
moreover, possible to 
charge the machine with 
molten metal, irrespective 
of the position of the die— 
that is, whether it is open, 
closed or about to close. 
The working principle is 
shown by the three see- 
tional views—Fig. 3. 

Metal when poured into 











the slide is forced by 
the piston into the hole 
in the die, where it is com- 
pressed and forced through 
the gate into the mould proper. The die is then 
opened and the casting forced out, during which 
operation the piston continues its travel and ejects 
the runner from the bore. 


SAND SIFTERS AND THROWERS. 


Of the numerous examples of combined sand 
sifters and throwers exhibited, we have selected for 
illustration the machine made by Miiller and Wagner, 
of Wallau-Lahn, on Stand 249-250, Hall 8, known 
as the “‘ Radical 1,” and shown in Fig. 4. This is 














FiG. 2—PRESSURE DIE-CASTING MACHINE—ECKERT 





Fic. 4—SAND SIFTER AND THROWER—MULLER 


numerous, and at a rough computation there were 
nearly eighteen makers of them represented. One 
of the most striking exhibits was to be seen in the 
inner court, immediately facing the main entrance, 
where Badische Maschinenfabrik, Durlach, demon- 
strated two jolt ramming machines working upon the 
production of bath moulds. In hand moulding this 
work always called for exceptional care and skill on 
account of the very thin wall and the fact that the 
finished bath must have an absolutely even surface. 
Hand ramming had to be performed with the greatest 
care, as one or two careless blows with the rammer a 
little too near the pattern would spoil the bath even 
if other conditions, such as suitable moulding sand 
and perfectly fluid metal, left nothing to be desired. 
Of the two machines exhibited using block patterns, 
the first was a model S W R turnover type machine 
(Fig. 5), used for producing the core; and the other 
a model SRA plain lift machine (Fig. 6) for the 
mantle part of the bath, the pattern being provided 
with a ‘stripping plate resting on the lifting frame, 
which is also lifted, thus preventing the sand falling 
off during the withdrawal of the mould from the 
pattern. Both machines are of the shockless type ; 
that is to say, they do not transmit any shocks to the 
foundation or to the surrounding floor, which is an 
important point, as floor vibration is liable to damage 
the finished moulds which may be deposited near the 
machine. 

The rate of production of both machines is a high 
one. In the case of the turnover machine, when the 
moulding box has been placed in position and filled 
with sand, it can be rammed in about eight seconds, 
while the other plain draw machine will ram the 
mantle portion in about twelve seconds. This rate 
of output makes the question of adequate sand 
supply an important one, and the machines exhibited 
were demonstrated in conjunction with an automatic 
sand filling device, by means of which the moulding 
boxes could be filled in a few seconds. A roller con- 
veyor served to carry away the finished boxes. It is 
stated that with such an equipment consisting of two 
machines as exhibited, automatic filling device, and 
sand handling plant, eight men can produce sixty- 
five complete bath moulds per eight-hour day. A 
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similar equipment has, it appears, just been supplied 
to England. 


CorE MAKING. 


Modern power moulding machines require core- 
making facilities which will keep pace with the high 
production of moulds of which such machines are 
capable ; otherwise the rate of output of the moulding 
machine is likely to be set by the number of cores 
available. Mechanical aids to core making have 
therefore grown-considerably in importance of late 
years, and in particular sand core blowing machines 


machine is adjustable to receive core dies from 12in. 
to 28in. high. 


MELTING FURNACES. 


Amongst the different types of melting furnace 
exhibited we select for illustration Fig. 9, a coke-fired 
melting furnace made by the Fachanstalt fiir 
Giessereiwesen, of Dresden, one of the main features 
of which is the means adopted for keeping the metal 
from all contact with air or products of combustion 
by a closely fitting sleeve and heavy refractory lined 
cover. Although the sleeve serves as a preheater, it 





balanced by the double driving motor, which latter 
is adjustable along the tube to compensate for the 
reduction in the weight of the head owing to wheel 


wear. The drive from this motor is through two 
V belts. The wheel is of the latest bakelite-bonded 
type and is run at a speed of 148ft. per second, with a 
consequent considerable increase in production. The 
wheel head is adjustable sideways within an angle of 
45 deg. for dealing with angular work. These machines 
are made in three sizes, the smallest having a grinding 
wheel 14in. diameter by 2in. wide by 6in. hole, driven 
by a 5 H.P. double balanced motor running at 
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Fic. 5—-JOLT RAMMING MACHINE FOR BATH CORES—BADISCHE 


(of which there were various types exhibited) are 
coming into very general use. Fig. 7 shows the latest 
machine of this type made by Vogel and Schemann 
A.-G., of Hagen-Kabel, one of which was being 
demonstrated upon the production of ‘“‘U”’ pipe 
cores, 5in. long, giving a production of 500 cores per 
hour when operated by a youth. The principle of 
this machine is that sand is admitted to the mixing 
chamber, from which point it is forced by an air 
pressure of about 100 lb. per square inch into the core 
die situated under the nozzle. A sectional view of 
this mixing chamber is given in Fig. 8, from which 
it will be seen that the air is not admitted behind the 




















Fic. 7—CORE-BLOWING MACHINE—VOGEL 


sand at A, but to an annular chamber B surrounding 
a perforated cylinder C. The compressed air entering 
the sand through the numerous small perforations 
thoroughly aerates the core sand before forcing it into 
the core die. This method of mixing is claimed as 
one of the chief advantages of the machine, as a 
thorough aeration of the sand is one of the essentials 
for obtaining cores of the greatest strength and 
porosity. The machine requires from 7 to 10 cubic 
feet of air per minute at 100 lb. pressure, and the 
current consumption of the small electrically driven 
compressor is 1-6 to 2-3 kW. The distance from the 





standard to the centre of work table is 10in. and the 





will be noticed that the products of combustion are 
not passed through the metal, but around the sleeve 
holding the metal. Additional metal can be charged 
into the crucible during the process of a melt through 
the small cover over the preheater sleeve without the 
necessity of removing the entire main cover, and addi- 
tional coke can also be fed through the smaller 
chutes provided for the purpose. It will be noticed 
that adequate doors are provided for clearing out 
ashes and for the recovery of metal in case of crucible 
breakage. One of the crucible furnaces shown on this 
stand was connected up to a core drying oven, the 
latter being heated merely by the waste products of 
combustion from the crucible furnace. The waste 
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Fic. 8—MIXING CHAMBER OF CORE-BLOWING MACHINE 


guses from two such crucible furnaces, each 150 lb. 
capacity, will serve to heat a drying oven 525 cubic 
feet capacity, in which moulds can be thoroughly 
dried in 4 to 44 hours. The average coke consumption 
of the melting furnace on gun-metal is 20 per cent. of 
the weight of the charge, and the melting time for 
180 lb. gun-metal thirty-five minutes; the melting 
loss is claimed to be particularly low, and the figure 
recorded over a total quantity of 1 ton of gun-metal 
is 2-3 per cent. Furnaces of this type are made in 
seven sizes from 100 lb. to 10 cwt. capacity. 


GRINDING MACHINE. 


Fig. 10 illustrates a suspended type of grinding 
machine for general foundry work, exhibited by 
Mayer and Schmidt, of Offenbach a.M. The machine 
is suspended from the centre of the connecting tube, 





the weight of the grinding wheel head being counter- 





Fic. 6—JOLT RAMMING MACHINE FOR BATH PATTERNS—BADISCHE 


3000 r.p.m., and the total weight of the machine is 
5} cwt. 


LABORATORY EQUIPMENT. 


Amongst the laboratory equipment exhibited 
might be mentioned the exhibit of Strohlein and 
Co. G.m.b.H., of Diisseldorf, of apparatus for 
volumetrically determining the percentage of carbon 
in iron or steel. It is stated that with this apparatus 
it is possible for anyone without technical knowledge- 
and after merely five minutes’ tuition to determine 
the carbon content of iron or steel within an accuracy 
of 0-01 per cent. As compared with the weight 
method, this process is a rapid one, and it is possible 
therefore on arriving at the result to make any adjust- 
ment that may be necessary in the cupola charge 
before it is tapped. The cost of an analysis by this 
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Fic. 9—COKE-FIRED MELTING FURNACE—FACHANSTALT 


method is only a fraction of a penny. The principle 
is that the entire carbon of an iron or steel specimen 
in the form of fine chips is completely burned to 
carbon dioxide in an oxygen stream at a temperature 
over 1100 deg. Cent. The iron is weighed out in a 
quantity of about 1 gramme into a porcelain vessel 
and burned in an electric furnace in which carbo- 
rundum rods serve as heating elements, the porcelain 
vessel being contained in a combustion tube. The 
oxygen stream passing through this tube carries the 
carbon dioxide of combustion and the excess oxygen 
into a burette in which the gases are collected up to a 
certain mark, water being used as a seal. The gases 
of combustion are then passed into an absorption 
vessel filled with caustic potash, in which the carbon 
dioxide is completely absorbed. When the gases are 
passed back into the burette the carbon content of 
the specimen is given by the decrease in volume and 
is read directly in percentages. 

The stand of Carl Zeiss, of Jena, also contained some 
interesting examples of this well-known firm’s latest 
laboratory instruments, including an apparatus for 
carrying out spectrum analysis, a method which pro- 
vides the chemical laboratory with the means of 
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effecting quickly and accurately an analysis of the 
material and more especially a determination of small 
quantities and mere traces of impurities, which it is 
trequently difficult and tedious to obtain by chemical 
methods. The advantages claimed for the method 
are a high sensitivity, the lower limit of detection for 
many substances being of the order of 0:001 and 
0-0001 per cent.; speedy working, the time required 
for an analysis being from fifteen minutes to an. hour ; 
very little substance required, as a few milligrammes 
suffice. Simultaneous detection of different elements 
is possible in precisely those cases in which chemical 
methods present difficulties. The rapidity of the 
method and the small quantities of substance required 
also enable the material to be examined at different 
points. Finally, a permanent record is available in the 





element which is present in the specimen is vaporised 
in the spark gap, so that to every element there corre- 
spond particular spectrum lines in the spectrogram, 
thus making an analysis possible. These individual 
lines are easily identified by means of a scale cali- 
brated in wave-lengths printed on the photographic 
plate above the spectrum. The wave-length of a line 
is stated in terms of Angstrom units (A), 1A 
=10- cm., but on the wave-length scale only the 
first two figures of the wave-length in Angstroms are 
given in each case. 


ARTIFICIAL STONE PATTERNS. 


In conclusion, mention should be made of the extent 
to which the use of artificial stone, either of magnesite- 
silica or similar materials, for pattern plates and odd- 














FIG. 10—GRINDING MACHINE WITH BAKELITE 


form of a photographic plate, and a single plate 
suffices for the examination of about thirty to forty 
specimens. 

The apparatus comprisos a Feussner spark 
generator, which converts the current taken from the 
mains into a high-voltage current ; and a spark stand, 
which grips two specimen fragments of the material 
to be tested. When the spark generator is switched 
on @ spark passes’ between the two specimens and 
traces of the material are vaporised and excited to 
incandescence ; three quartz condensers collect the 
light emitted by the spark and concentrate it on the 
spectrograph. Finally, there is a quartz spectrograph, 
Qu 24,” in which the light from the spark is split 
up by a prism and the resulting spectrum photo- 
graphed on a 10in. by 4in. plate. This spectrum con- 
sists of a large number of spectrum lines. Every 
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sides has developed in German foundries, as evidenced 
by the different proprietary mixtures exhibited. 
C. H. Boehringer Sohn A.-G., of Nieder-Ingelheim, 
exhibited a variety of pattern plates made of their 
*“Stonex ”’ material, which, when cast, strongly 
resembles smooth polished stone, capable of being 
filed or machined, but of a strength sufficient to 
ensure a life of many thousand moulds at a much 
lower cost than metal patterns. The material con- 
sists of a special powder and liquid which are mixed 
together to form a thick paste in very much the same 
way as plaster of paris, and poured into an ordinary 
sand mould. The material hardens in ten to twenty 
hours from the time of pouring, and the contraction is 
negligible. This means in practice that such pattern 
plates can be in use on the moulding machine within 
twenty-four hours after casting. 
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JN order to provide further opportunity for the 

reading and discussion of papers which had to 
be omitted from the programme of the Iron and Steel 
Institute’s autumn meeting at Dusseldorf, or which 
could not receive sufficient attention there, additional 
meetings were held in London on Thursday and 
Friday, October 29th and 30th. Sir Harold Carpenter 
(President) was in the chair at the opening meeting 
on Thursday morning at the Institution of Civil 
Engineers. 

BLAST-FURNACE COKE. 

The first paper dealt with was ‘ Investigations 
into the Influence of Coke Quality on Blast-furnace 
Operations,” by W. J. Brooke, H. R. B. Walshaw, 
and A. W. Lee. An abstract of this paper was 
published in our issue of October 2nd. 

Mr. E. C. Evans (British Iron and Steel Federation) 
said that the paper was one of the best dealing with 
coke technology that he had ever had the oppor- 
tunity of reading, and there was little doubt that the 
work of Mr. Brooke and his colleagues had fully 
justified the expenditure that had been incurred by 
those bodies which had financed it. The authors had 
referred to indicators of blast-furnace operation, 
such as output, coke consumption, character of slag, 
and so on, but the most sensitive indicator of blast- 
furnace operation was the volume of hot blast. 
Possibly the most useful piece of apparatus for this 
purpose which he had seen was installed at a British 
works some years ago on his suggestion, and consisted 
of a differential pressure gauge across the hot blast 
main which gave indications of alteration in furnace 
conditions hours before these alterations were 
observed in the slag. It had been clearly shown 
there was no single test available for determining 
the blast-furnace value of coke. Abradability, the 
shatter index, and the oxidation test were all useful, 
but they only told a very small part of the story, and 
despite the fact that coke research committees had 
been working on the problem for over ten years, we 
were still far from being able to determine quantita- 
tively in the laboratory the blast-furnace value of 
coke. What caught his attention about such work 
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was that it was largely empirical. We knew very 
little about the fundamental constituents of coal 
which determined its coking properties, and there 
was room for a very great deal of fundamental 
research in that direction. 

Mr. Frank Bainbridge spoke of tests carried out 
at Skinningrove in which Durham coal was ground 
to less than jin. and was found to give a definitely 
denser coke. 

Dr. W. H. Hatfield, F.R.S., said he wished the 
authors had amplified the remark in their paper that 
the nature of the coke was traceable in the quality 
of the steel produced. That question had been 
brought before one of the Technical Committees of 
the Federation, and both the Ingot Committee and 
the Open Hearth Committee were endeavouring 
to trace the effect of variability in the pig iron upon 
the quality of the steel, a matter of great importance 
to steel manufacturers. In speaking of the quality 
of steel, were the authors referring to the composition, 
such as sulphur content, or were they referring to 
the heterogeneity, or to the gas content ?__It was 
true to say that there was, at the moment, an 
undefined impression among steel producers that 
variations in the pig iron affected the quality of the 
steel, but until we could state what these differences 
were, it was impossible to hope to elucidate the 
problem. 

Mr. James Henderson commented on the enormous 
improvement in practice indicated by the figures in 
the paper over his own experience of the conditions 
in North Lincolnshire many years back. At the same 
time, he said he hoped he would not be misunder- 
stood when he said we still had a long way to go 
before we obtained anything like ideal figures or 
the results which had been obtained in Germany 
and America. 

Mr. Brooke, replying to the discussion, said he 
drew his supplies of coal from about twenty-two 
different collieries, and naturally the variation 
was very considerable, and perhaps that was one 
reason why they did not appear to have been so 
suecessful with fine grinding as Mr. Bainbridge had 
been. There was much work to be done in determin- 








ing the effect of fine grinding upon the various 
qualities, and, generally, it was important that 
researches of the nature dealt with in the paper should 
be pushed along with all possible speed having regard 
to their importance to the steel industry, otherwise 
we might wake up one day and find it was too late. 
The improvement that had been made in metal- 
lurgical coke was seen in the fact that considerably 
more than half of the output in South and West 
Yorkshire was now being used for central heating, 
horticulture, and other purposes, and in the winter 
there was the greatest difficulty in getting coke for 
the blast-furnaces. Coking coals in this country were 
getting less and less in quantity, and the tendency 
was for them, if anything, to get rather worse in 
quality. There was plenty of good coal about which 
made excellent coke for domestic heating, and if the 
iron and steel industry and the coal industry could 
make some rearrangement of the purposes to which 
the various classes of coal were put, it would be 
entirely to the benefit of the nation as a whole, 
quite apart from the private interest of the iron and 
steel manufacturer. In reply to Dr. Hatfield, he 
said the reference to the quality of steel was in 
general terms, because at the moment it was 
impossible to be more specific. 

The President, in moving a vote of thanks to 
the authors, expressed the hope that the work would 
be continued as it was obvious there was a large field 
still to be explored. 


GRAIN SIZE IN STEEL. 


The next paper dealt with was “ Controlled Grain 
Size in Steel,’”’ by T. Swinden and G. R. Bolsover. 
An abstract of this paper was given in our issue of 
October 9th. 

Dr. A. L. Norbury said the theory that fine grain 
size was due to the presence of alumina, inclusions 
was losing favour at the present time because alumina 
inclusions were found in both fine and coarse-grain 
steels. The difference found by the authors, however, 
was that iron oxide was present in coarse-grain steels, 
but was not present in fine-grain steels. 

Mr. W. J. Dawson said the paper was important 
from two points of view, viz.; how far would it help 
the steel maker and metgallurgist, and how far would 
it mislead the engineer and the user, who was not 
familiar with the finer points of steel making and 
metallurgy ? The demand for fine grain was an 
American importation, and it had come principally 
from the motor car people who were dealing with 
comparatively small sections. He asked the authors 
to say to what cross section they would suggest their 
method would be effective in maintaining fine grain 
and also the corresponding Izod value. The authors 
apparently considered carbon steels and lightly 
alloyed steels to be of especial importance in the 
control of grain size, but there were considerable 
differences in the figures of impact value for different 
steels of these types in the tables given in the papers. 
Nevertheless, the authors stated that the influence 
of fine grain was in the direction of increasing the 
impact value. Finally, he suggested that if steel 
makers and their customers agreed on a specification 
with minimum values of final tests, it would be 
complicating the matter to superimpose, as suggested 
in the paper, a supplementary test which, in effect, 
would override the agreed standard specification. 
He felt that the use of the authors’ method of control 
should be regarded as a tool for the steel maker 
to assist him to improve the quality of his steel, and 
when he had done that it could be incorporated in 
the standard specification. 

Mr. J. H. Whiteley said that it must be considered 
a special contribution to the science of steel making 
that the effect of aluminium altered the grain size 
of steel, so that it could be controlled, at any rate, 
to some extent. Having regard to the title of the 
paper, viz., “ Controlled Grain Size.in Steel,” he 
asked the authors whether they were now.in a position 
to make a steel of any grain size at will. He.did not 
ask them how they did it,.but he would like to know 
if they could do it. It seemed to him, however, 
that the paper in many respects had the wrong 
title, for looking at the results given he felt the 
title should have been “The Effect of Aluminium 
on Steel ” rather than grain size. .The paper seemed 
to demonstrate that the grain sizes were different 
according to the quenching temperature. 

Mr. C. C.. Hodgson remarked that fifteen years 
ago he had contributed a paper on the same subject 
to the Institute, and the present paper was the first 
English one since then. Although it might be 
claimed that over a number of years anyone receiving 
steel from a particular source would receive material 
which conformed more or less to one arbitrary grain 
size according to the steel-making conditions in 
vogue during that period, he was sorry to say that 
that was far from the truth. Actually, during the 
last few years he had examined a large number of 
samples of steel supplied by some of our best steel 
makers which were supposed to conform to a given 
specification, but it was not uncommon to find them 
varying from the finest to the coarsest grain size 
Perhaps, when we found out what this inherent 
grain size meant, some of the difficulties experienced 
in using steel in the past would be overcome. Some 
rather big claims were made for fine-grain steel in 
America from the point of view of machining, but a 
great deal of information which had been published 
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was not substantiated. Nevertheless, whatever the 
effect of inherent grain size on machining, there 
was no doubt it was of great value in heat treatment. 
Professor J. H. Andrew said that aluminium 
decreased segregation to a marked extent, and it 
was possible that if the authors had added more 
aluminium they would have got rid of the banded 
structure which he himself thought might be due to 
oxygen. 
Dr. W. H. Hatfield, F.R.S., said the paper pre- 
sumed to instruet the user of steel as to what was 
best for him, but it was quite clear that if the leading 
engineers of the country came to the conclusion 
that they required a certain grain size for any par- 
ticular purpose, the steel makers would no doubt 
be able to supply the grain size required. Aluminium 
had ninety times the effect of manganese from the 
point of view of producing piping steel, and he sub- 
mitted that in the hands of non-expert steel makers 
the doping of the steel with the quantity of aluminium 
suggested by the authors carried with it the danger 
of excessive piping in the ingots, and unless the lay-out 
of the ingot itself was studied with the greatest 
intelligence as regards internal cavity, engineers 
were apt to run into very great difficulties which 
would not be hypothetical difficulties such as a differ- 
ence in grain size, but would be difficulties concerned 
with holes in their steel. The heat treatment and 
machining properties would be affected, and from the 
industrial point of view that would be a great 
difficulty. If the user desired to have steel with a 
controlled grain size, it would be forthcoming within 
limits, but would the authors be good enough to 
specify what they regarded as a reasonable range of 
grain size ? 
Mr. J. S. G. Primrose, speaking as representing the 
user of steel, remarked that whilst they might be 
aiming at controlled grain size, it was possible, at 
the same time, that they might introduce other 
difficulties. He had encountered instances of such 
difficulties himself with three different types of stec1, 
viz., plain carbon, manganese-chromium-carbon, 
and nickel-chromium steel. One difficulty was the 
variation of heat treatment and another was machin- 
ability. A higher fatigue value and a higher Izod 
figure were being sought, but did fine-grain steel 
give them ? 
Dr. Swinden, replying to the discussion, commented 
on the remark by Mr. Dawson that fine-grain size 
was an American importation, and said that whilst 
he did not wish to be too aggressive, he felt that the 
reception given in Great Britain to the American 
importation in 1922 was a great disservice to this 
country. If a little more attention had been paid 
at that time to the real significance of what were then 
called abnormal] and norma! steels, a great deal more 
progress would have been made with what he still 
submitted was a matter of fundamental importance 
in steel making. The authors did not ask the engineer 
to specify grain size. They simply said that certain 
test values could be obtained by alternative methods 
of steél making and that before specifying a certain 
type of steel the engineer should consider the 
possibility of obtaining the desired results by means 
of controlled grain size. The engineer was merely 
being asked to recognise that there was an alternative. 
He could not understand why Mr. Whiteley should 
have suggested the title of the paper ought to have 
been altered. The one variable was the grain size, 
and surely it could be accepted as a statement of 
fact that if the grain size was determined in a certain 
way certain physical properties and differences in 
physical properties were revealed. Mr. Whiteley 
had asked whether the authors were in a position to 
make steel of any given grain size, and his reply was 
that at present it was possible to control between 
grain sizes 1 and 3, and that was a little further than 
the Americans had gone. Obviously it was not 
possible to make any grain size in steel with an 
elementary knowledge of the subject. It was 
impossible as @ eommercial matter to produce the 
very finest grain size in the low-carbon, dead-soft 
steels, and it was impossible to get the coarsest 
grain size in the high-alloy steels. It was to be 
regretted that Dr. Hatfield had used the phrase 
‘“‘doping steel with aluminium.” All the authors 
did was to ask engineers to believe that a careful 
study of deoxidation carried out essentially by alu- 
minium was valuable, and that the addition of alu- 
minium did bring about a change in the properties 
of the steel. The readiest way at the moment of 
indicating that ¢ehange was by determining the 
inherent gram size according to a predetermined 
scheme. If that was done it would be found possible 
to tell with a small sample—quite readily available 
—-what tests would be obtained in the finished product 
in the customer’s works. 


BLAST-FURNACE SLAGS. 


The next paper was ‘The Constitution of Blast- 
furnace Slags in relation to the Manufacture of Pig 
Iron,” by Mr. T. P. Colclough. In the absence of 
the author the paper, of which the following is an 
abstract, was introduced by the Secretary. 


The paper deals with the constitution of blast-furnace slags, 
the changes in constitution and properties of the slag arising 
from variations of the alumina content and the basicity ratio, 
and offers an explanation for the difficulties encountered in the 
smelting of certain British iron ores, and particularly those which 


in accordance with the rules of burdening accepted in common 

ractice. 
r The view is advanced that the blast-furnace operation should 
be based on the principle of attaining the maximum rate of 
production of iron per unit of capacity, with the minimum coke 
consumption, and the corresponding lower operating costs, 
The theoretical and practical considerations necessary to attain 
this objective are discussed, and a new principle of burdening 
is suggested. 

It is recommended that, no matter what quality of ore and/or 
coke is to be smelted, the burden should be arranged so that the 
slag formed approaches as nearly as possible to that of minimum 
melting point and minimum viscosity for the given alumina 
content, and that for this purpose the ratio of lime to silica in the 
burden should be varied according to the alumina content of the 
slag formed. The limiting values of the basicity ratio to be 
preferred are indicated. 

It has been proved that the difficulties normally encountered 
with slags outside the normal range of 14 to 18 per cent. alumina 
can be successfully overcome, and examples are given of the 
results to be obtained in practice from the application of this 
new principle. 

Mr. R. A. Hacking, commenting on the very 
important question of slag viscosity, said that 
operators making basic pig iron for sale were allowed 
very little latitude in regard to sulphur content, 
and anything of the order quoted in the later part 
of the paper was well outside the range. The same 
thing applied to furnaces supplying molten metal 
direct or vid an inactive or semi-active mixer, In 
such cases, the chemical, i.e., the desulphurising, 
properties of the slag had to be borne in mind in 
the arrangement of the burdening scheme, and the 
application of the principle of maximum fluidity 
expounded by the author was, therefore, subject to 
very serious limitations. The author admitted the 
presence of 0-13 per cent. sulphur in the low silicon 
iron produced under these conditions. It should be 
mentioned that the conditions at Corby were definitely 
favourable to sailing near ‘the wind and producing 
very low silicon and fairly high sulphur iron as a 
matter of routine, inasmuch as they had a crushed 
and graded burden and new furnaces i 
expressly for that purpose. He asked the author 
how often the sulphur content exceeded 0-2 per 
cent., and also how much of the economy resulting 
from reduced coke and limestone consumption 
increased output, &c., was absorbed by the cost of 
the corrective treatment necessary to fit the iron for 
steel-making purposes. 

Mr. F. W. Harbord said that although we did not 
want blast-furnace managers to go away with the 
idea that they could not desulphurise, he felt there 
were great possibilities in increasing the amount of 
magnesia. Possibly further experiment might make 
it possible to desulphurise in the blast-furnace without 
outside operation. The economic question, however, 
was whether it was cheaper to desulphurise in the 
blast-furnace and not outside, and it would be useful 
if the author would give some information on the 
method of desulphurising. 

Mr. E. W. Colbeck said there was misunderstanding 
as to the methods of removing sulphur from iron and 
as to where it was bemg done in this country. The 
soda ash process was being practised at Corby 
and elsewhere, and also on the Continent, and it 
was possible to remove well over 50 per cent. of the 
sulphur by the addition of 1 per cent. of soda ash, 
at a total cost of approximately 1s. 3d. per ton of 
iron treated. The point, however, was whether the 
quality of the steel was in any way affected. He 
believed the evidence both in this country and on the 
Continent was that the quality of -the steel was 
slightly improved, and he, himself, had evidence that 
iron after treatment with sodium carbonate seemed 
very much freer from non-metallic inclusions. It 
was held by many in Germany that there was a 
very real chance of the German steel makers being 
assisted in this way. One of the greatest difficulties 
in that country was to obtain manganese ore, and 
experiments were being carried out at the present 
time which it was hoped would considerably reduce 
the necessity for importing manganese ore. 


THe CorRROSION COMMITTEE’S REPORT. 


There only remained time at the morning session 
for a brief introduction of the fourth Report of the 
Corrosion Committee, which was done by Dr. J. C. 
Hudson, the Official Investigator to the Committee. 
Dr. W. H. Hatfield, F.R.S, the chairman of the Com- 
mittee, spoke of the magnitude of the work and paid 
a high compliment to the enthusiasm and energy of 
Dr. Hudson. He mentioned that the Committee 
now had corrosion-testing stations in all parts of the 


ness of the graphite structures produced from them when they 
were remelted under oxidising conditions. 

A theory is put forward to expleip these and other results, 
which suggests that treatment with titanium and carbon dioxide 
produces titanate inclusions which are liquid externally when 
the graphite crystallises and that, being liquid, they do not 
inoculate it, and super-cooling occurs, which | produces fine 
graphite. On the other hand, additions of silicon, calcium 
silicide, and aluminium are suggested to produce solid and conse- 
quently inoculating inclusions, such as silicates, calcium 
carbide, and alumina, in the melt, and coarse graphite results. 
The action of hydrogen is assumed to be due to iron oxide being 
reduced from the titanate inclusions and their freezing point 
being raised. : 

Experiments on cupola-melted metal showed that it was more 
difficult to refine than erucible-melted metal, since the titanium, 
on dissolving, combined with inclusions already present in the 
metal, and floated up out of the melt. It was also found that 
titanium-containing charges which gave fine graphite casts 
when melted in the crucible gave coarse graphite casts when 
melted in the cupola. This coarsening is suggested to be due to 
reducing conditions operating, in certain parts of the cupola, on 
inclusions previously formed by oxidation, and having a similar 
effect to hydrogen. 


Dr. C. H. Desch said the work done by the British 
Cast Iron Research Association in the field covered 
by the paper had led to a means of giving control of 
graphite size which would be put into practice. Dis- 
cussing in some detail the theoretical side, he said 
the authors had produced a very considerable mass 
of experimental facts in support of a very interesting 
working hypothesis, but, at the same time, it was 
difficult to picture.such a process as that described. 
The subject dealt with, however, was only part of a 
much larger one, namely, the effect of conditions of 
superheating more particularly on the size and form 
of crystals. 

’ Dr, Marie Gayler discussed the authors’ hypothesis 
and said it seemed to her that there was something 
more than undercooling which caused the fine particle 


sizer. Whilst the authors’ hypothesis was very 
resting, there were possibilities that it need not 
be ys true. 


Mr, J. H, Whiteley suggested that some examples 
should be given of the inclusions to which the authors 
referred and upon which their theory depended. 
The authors supposed that if the inclusions were 
liquid, super-cooling took place, and if they were 
solid then coarse graphite was obtained. The 
most liquid inclusion known in steel was one which 
the authors had not mentioned—but he believed 
it was one they were producing—namely, the eutectic 
of iron oxide and iron or manganese sulphide. It 
melted below 1000 . Cent., and the mere fact that 
CO, had to be bubbled through the iron to obtain 
the fine structure, suggested to him that the authors 
were really producing that eutectic. He thought 
that more study should be given to the question of 
sulphur. What the titanium did he was not aware, 
but it probably modified the carbides in some way 
before forming graphite. He suggested, however, 
that the iron oxide/sulphide eutectic might have a 
very important bearing on the problem. 

Mr. E. W. Colbeck said the practical aspects 
of the paper were very important, but most dis- 
appointing. The authors had found that in crucible 
melts they could refine the graphite in cast iron by 
bubbling CO, through a melt containing titanium 
to an extent which was such that they could produce 
a structure which was entirely super-cooled, and that 
structure might be a most attractive one, from a 
commercial point of view. If that modification of 
cast iron could be put on a commercial basis it would 
be of very considerable importance, but it was a 
matter of 1 lb. against 20 tons, and he asked the 
authors what hope there was of obtaining a com- 
pletely super-cooled modified graphite structure nm 
a 20-ton cast iron casting. 

Dr. T. Swinden remarked that large-scale experi- 
ments were actually being carried out by the United 
Steel Companies and he hoped, therefore, that it 
would soon be possible to provide an answer to Mr. 
Colbeck’s question. The work was being done on 
quite a large commercial scale and particular atten- 
tion was being paid to ingot moulds. The metallur- 
gical examination was now in hand and it was hoped 
to have available in the near future the results on 
ingots treated under the authors’ direction. 

Dr. A. L. Norbury, in the course of his reply, said 
that they had only put forward a hypothesis and 
realised it was not a final one by any means. It was 
possible that not enough was known about what the 
inclusions did, but it was also very probable that what 
happened when some of those alloys crystallised was 


adjourned until the afternoon. 


Non-METALLIic IncLusiIons In Cast Iron. 


Inclusions on the Graphite Size of Grey Cast Iron,” 


is the official abstract of this paper. 


The investigation deals with the problem that the graphite 
size and properties of grey ‘cast irons made from different pig 
irons, or made under different melting conditions, can vary 
widely from some cause not explained by chemical analysis, &c. 
Experiments were made on small }-lb. crucible melts of grey 
cast iron to see if gases or non-metallic inclusions in the metal 
were the cause. These led up to the observation that dissolving 
0-1 per cent. to 0-2 per cent. of titanium and bubbling carbon 
dioxide gas through the melt completely refined the graphite 
structure of all hypo-eutectic grey cast irons. Bubbling 
hydrogen through melts treated in this way coarsened the 
graphite structure completely. The titanium content of various 





carry @ relatively high ratio of alumina to silica. when smelted 





pig irons and ferro-alloys was also found to determine the fine- 


world. The meeting cordially thanked Dr. Hudson 
and the various contributors to the Report, and then 


The first paper discussed on Thursday afternoon. 
October 29th, was “The Effects of Non-metallic 


by Dr. A. L. Norbury and E. Morgan. The following 


not really understood. The explanations given in the 
textbooks of the way in which some of the alleys 
crystallised were probably not correct. The authors 
were very anxious to give examples of the inclusions, 
as suggested by Mr. Whiteley, but the next paper to be 
read by Messrs. Colbeck, Craven, and Murray showed 
how very difficult it was at the present time to isolate 
and identify the inclusions. That the practical 
results were disappointing, as mentioned by Mr. 
Colbeck, was probably to be expected in view of 
the nature of the problem. 

A fuller reply in writing was promised and the 
President, in moving a vote of thanks to the authors, 
said that, like many good papers, this one had, 
perhaps, raised more issues than it settled. It was to 
be hoped that the authors would bring their work to a 
final and satisfactory conclusion. 

(To be continued.) 














THE“ENGINEER 


Nov. 6, 1936 








West Middlesex 


Main Drainage. 


No III. 
(Concluded from page 456, October 30th.) 


ESIDES the main metering equipment, described 
last week, the “ detailed” flow in various parts 

of the works is measured. Much of this equipment 
was supplied by George Kent, Ltd., of Luton. In 
passing it may be mentioned that this firm supplied a 
large number of Venturi flumes ranging from 24in. to 
66in. in width, which are fitted in the various branch 
sewers that eventually drain to the Mogden works. 
From the secondary sedimentation tanks the 
sewage gravitates through two rectangular channels, 
6ft. wide by 6ft. deep. On each of these channels 
there is installed a 6ft. by: 5ft. cast iron rectangular 





brite” probing spindles so that vents can be kept 
clean. In addition to the above meters, further 
meters were ordered for part of the future extension 
to provide for growth of population and possibly 
severe storms, &c., and sludge level indicators and 
compressor house meters were supplied. 

In our two articles of October 23rd and October 30th 
we described the two power stations and began the 
description of the metering equipment, which is 
continued above. 

We now pass to a more detailed account of the 
actual purification process. An aerial view of the 








FIG. 9—CONTROL PANEL 


tube with * Staybrite ” liners in the upstream and 
throat sections. These Venturi tubes are connected to 
sensitive displacer type electrical transmitting gear 
and the flow is recorded on receivers mounted on the 
main panel (Fig. 9) in the return sludge pumping 
station. 

The channels carry the sewage to aeration tanks, 
and from these tanks 12in. to 36in. diameter mains 
carry the mixed liquor to a mixed liquor channel. On 
each of the 36in. mains is fitted a 36in. cast iron 
sewage type Venturi tube, which is connected to a 
sensitive transmitting gear which passes the flow 
record to receivers on the panel. The sewage then 
passes to separating tanks, after which the sludge 
passes back through ten 16in. Venturi tubes to the 
return sludge channel. These meter tubes are each 
fitted with transmitting gear, as described above, but 
no receivers are fitted on the panels, as pedestal type 
indicators only were required on: site, as shown in 
Fig. 10. All the 36in. and 16in. Venturi meters were 
fitted with pedestal type electrical indicators on site 
at the side of each control valve. 

The aeration tanks are each supplied with air 
through 15in. diameter pipes and the flow in each of 
these twenty-four 15in. mains is measured by an 
orifice meter. The flow of air passing at any moment 
is transmitted to a pedestal mounted electrical dial 
indicator on site at the side of each control valve, and 
the receiving instruments are fitted on the main panel 
in the sludge pumping station. The 15in. air mains 
are supplied by two 5lin. air mains, the flow in which 
is also recorded on the panel. 

The sludge, after passing through the 16in. Venturi 
tubes into the return sludge channel, passes to the 
suction side of four centrifugal pumps. On each of 
the four 24in. delivery mains is fitted a 24in. cast 
iron sewage type Venturi tube and the receiving 
instruments are mounted on the main panel. The 
sludge is then pumped along a channel for further 
treatment. 

The firm has also fitted two 6in. surplus sludge 
Venturi meters for measurement of any surplus sludge 
coliected after it has passed through the 24in. meters, 
and each of these is fitted with transmitters with 
receiving instruments on the main panel. Each of the 
transmitters on the 24in. and 6in. meters are fitted 
with dials so that they can be read on site.. All the 
36in., 24in., 16in., and 6in. Venturi tubes are fitted 
with specially designed settling chambers on the 
pressure pipes in order that any solids in suspension 
may be trapped before entering the transmitters. 
The pressure vents are also fitted with special “* Stay- 











IN RETURN SLUDGE PUMPING STATION 


whole works, taken for the West Middlesex County 
Council by the Aerial Photograph Company, of 
London, is reproduced on page 492. 


SCREENING AND GRIT REMOVAL. 


On entering the works the sewage from the high- 
level area, combined with the sewage lifted at the 
main pumping station from the low-level sewers, 
first passes through the screening and grit-removal 
plant. It is divided into six independent units, each 
with a maximum capacity of about 95 million gallons 


which then follows has a bar spacing of }in., and is 
cleaned by electrically driven mechanical rakes, auto- 
matically coming into operation when required. 
The screenings are transported by a belt conveyor 
to the disintegrator plant, where they are macerated 
and passed back into the sewage on the upstream side 
of the screens. The bar equipment was supplied by 
S. S. Stott and Co., and the screening equipment, 
which incorporates David Brown worm drives, by 
Hartley (Stoke-on-Trent), Ltd. The macerators are 
of Hathorn and Davey design, and the grit-dredging 
and purifying equipment was,supplied by Gwynnes 
Pumps, Ltd., of Hammersmith. ’ 

Each grit chamber is equipped at its outlet with a 
sianding wave Venturi flume, already described, 
which not only records the flow, but also controls the 
sewage level in the chamber in such a way that by 
means of the special cross section given to the channel 
a velocity of lft. per second is maintained at all 
flows. At this velocity grit is deposited on the floor 
of the channel in a comparatively clean condition. 
The grit is removed by suction dredging, and, after 
further washing, is pumped to settling ponds for 
disposal. The length of each grit chamber is 90ft., 
giving a settling period of 14 min. After leaving the 
grit chambers the sewage passes through the storm- 
water overflow chamber, where any water in excess 
of three times the dry-weather flow is diverted into 
culverts leading to the storm water tanks. 


SEDIMENTATION TANKS. 


The sewage up to a rate of three times the dry- 
weather flow is subjected, after measurement, to two 
stages of sedimentation. The primary sedimentation 
tanks, which are eight in number, have a total capa- 
city of 4,500,000 gallons. They are circular in plan, 
95ft. im diameter, 12ft. average depth, and are 
furnished with a central inlet and peripheral weir. 
The sludge deposited on the sloping floor is scraped 
to a central well by means of an electrically operated 
revolving bridge type mechanism, whence it is dis- 
charged into the sludge pumping main. 

Provision is made for the removal of the lighter 
solids in the secondary sedimentation tanks. They 
are four in number, each 200ft. long by 150ft. wide 
by 12ft. deep, and have a total capacity of 9 million 
gallons. An electrically operated Mieder type scraper 
is used periodically to sweep the sludge by means of 
a submerged blade into hoppers provided at one end 
of the tanks, whence it is discharged under hydro- 
static head into the sludge main for disposal. The 
tanks were designed and supplied by William E. 
Farrar, Ltd. 

Each tank is divided by a central longitudinal wall 
into two bays, giving the travelling mechanism a 
span of 75ft. The blade is available on the outward 
journey for removing scum from the surface before 
travelling in the reverse direction for the sludging 
operation. One machine is made to serve a number of 
tanks by the use of a transporter carriage. In the 
general lay-out of the sedimentation tanks, space has 
been allowed for the possible introduction in the future 
of auxiliary plant, such as grease-skimming tanks or 
pre-aeration units. In the present plant skimming is 
provided in both series of sedimentation tanks. 


AERATION PLANT. 


After passing through this preliminary stage of 
treatment, the clarified liquor passes to the main 





process of purification in the aeration tanks, which 








FIG. 10—CONTROL VALVES AND 


per day, which are brought into operation successively 
in accordance with the rate of sewage flow by means 
of Glenfield and Kennedy automatically controlled 
hydraulic penstocks. 

Each unit is equipped with a rack consisting 
of bars spaced 4in. apart, designed to intercept any 


It requires occasional cleaning by 


large objects. 
The screen 


manually operated mechanical rakes. 











METERS FOR AERATION TANKS 


have a gross capacity of 20 million gallons. This 
plant is divided into two batteries each containing six 
units. The contract was entrusted to Activated 
Sludge, Ltd., of London. Each unit consists of four 
channels, 400ft. in length, 15ft. in width, and 12ft. 
in depth, equipped with compressed air diffusers. 
One battery is arranged to operate on the “ spiral 
flow”’ principle, with two rows of 8in. diffusers 
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installed on one side of each channel, while the other 
battery, see an engraving on page 492 and Fig. 11 below, 
is arranged on the “ longitudinal ridge and furrow ” 
principle with three rows of 6in. diffusers spaced 
at 5ft. centres. The detailed design of both batteries 
allows for easy conversion of the whole of the units 
to one method of operation or the other if the definite 
superiority of either should be clearly established at 
a later date. The sewage arriving at the aeration 
plant receives a measured volume of activated sludge, 
with which it is freoly circulated in an aeration channel 
before the mixed liquor thus obtained is admitted 
to the aeration tanks themselves. The mixed 
liquor then passes along the four channels of each 


unit in series, the distance travelled being 1600ft., 














FiG. 11—INTERIOR OF AERATION TANK 


air under pressure being discharged from the diffusers 
at the bottom of the tank along the whole length of 
the channels. After leaving the channels, the liquor 
passes on to the final separating tanks, where the 
activated sludge is settled out. There are forty of 
these tanks, each of which is 60ft. in diameter, having 
a central inlet and peripheral weir. The total capa- 
city is 10 million gallons, and a maximum rate of 
upward flow of 7-5ft. per hour will not be exceeded. 
The sludge deposited on the sloping floor is moved 
continuously towards the centre by means of an 
electrically operated rotating ring type mechanism, 
and is discharged from the bottom under hydro- 
static head to the return sludge pumping station. 
Here it is lifted and returned into the sewage enter- 
ing the aeration plant previously described. Pro- 


Cooled Water 


sewage received at the works in excess of three times 
the dry-weather flow is diverted to the storm water 
tanks, where it receives sedimentation treatment. 
The storm water tanks, eight in number, each 230ft. 
long by 150ft. wide by 12ft. deep, have a total capa- 
city of 20 million gallons. The general design of the 
tanks is similar in most respects to that of the 
secondary sedimentation tanks, and here also a Mieder 
type mechanism, as previously described, is installed 
for the removal of the sludge. 

The supplemental plant now being completed on 
the west side of the central road includes a further 
three units of aeration tanks and twelve final separat- 
ing tanks. 


SLUDGE TREATMENT. 


The crude sludge obtained from the primary sedi- 
mentation, secondary sedimentation, and storm 
water tanks is all conveyed to the raw sludge pumping 
station at the north end of the site, whence it is 
pumped to the extreme south of the site. Here it is 
delivered to two thickening tanks, each 35ft. in 
diameter and of 20ft. side water depth, before being 
passed on for the first stage of treatment in the sludge 
digestion tanks. The sludge digestion tanks are 
of Dorr-Oliver design, and are illustrated on page 492. 
They are twelve in number, 70ft. in diameter, 
having a total capacity of 10 million gallons. Four 
tanks, each having a side water depth of 32ft. and 
centre depth of 34ft., are equipped with stirring 
mechanisms and have fixed roofs. The remaining 
eight tanks, each having a side water depth of 32ft., 
and centre depth of 5lft., are provided with gas- 
holders of the spiral carriage type, supplied by 
Horseley Bridge and Thomas Piggott, Ltd., with a 
total capacity of 250,000 cubic feet. 

The volume of methane gas produced from this 
sludge digestion plant is about 800,000 cubic feet per 
day, having a calorific value of approximately 650 
B.Th.U. per cubic foot. It is used for the generation 
of power in the power and compressor house, the 
present, output having an electrical equivalent of 
about 15 million units per annum. The saving in 
annual charges which will be effected by this instal- 
lation, after making allowance for loan charges, is 
estimated as at least £20,000. As indicated in Fig. 12, 
the waste heat from the engines is utilised in turn to 
heat the sludge in the digestion tanks in order to 
maintain a temperature of about 80 deg. Fah., at 
which the efficiency of the bacterial process is at a 
maximium. The sludge, after remaining in this 
stage of digestion for about a month, is pumped 
through a rising main, 7 miles long, to the Perry Oaks 
works for final digestion and disposal. 


PowER AND PUMPING PLANTS. 


The power and compressor house at the southern 
end of the site—see THE ENGINEER, page 438, of 
October 23rd—is 330ft. long, 105ft. wide, and 45ft. 
high. It is constructed of a size sufficient for the 
ultimate requirements of the works. The present 
installation of machinery includes eleven Diesel oil 
engines of a gross total power of 6750 B.H.P. Ten 
of these engines, of 650 B.H.P. each, are convertible 
to running on methane gas, developing 550 B.H.P., 
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FiG. 12—INTERCONNECTION OF ENGINES AND SLUDGE DIGESTERS 


vision has been made for returning any proportion 
of activated sludge from 15 to 50 per cent. of the dry- 
weather flow, while an additional 50 per cent. of final 
effluent can also be returned into the incoming sewage 
liquor at this point. Provision has been made also 
for the use of any number up to four of the aeration 
units as sludge reconditioning tanks. The surplus 
activated sludge obtained from the aeration plant is 
pumped back into the main sewage flow at the inlet 
to the primary sedimentation tanks, or, alternatively, 
can be delivered to the digestion tanks direct. 


EFFLUENT DISCHARGE AND STORM WATER 
TREATMENT. 


The clear purified effluent discharged over the weir 
of the final separating tanks passes through the 
effluent conduits direct to the Thames. Provision 
has-been made, however, for the effluent, in periods 
of dry weather, to pass through the storm water tanks, 









which otherwise would be empty. Any volume of 



























when using gas as fuel, while an auxiliary oil engine 
of 250 B.H.P. has been provided for emergency 
purposes. All the engines are fitted with Burgess 
silencers. 

The largest requirement of power on the works is 
for the supply of compressed air to the aeration tanks. 
For this purpose six of the convertible engines are 
coupled to Fraser and Chalmers turbo-blowers, 
each designed to compress 12,500 cubic feet of free 
air per minute to a pressure of 7 lb. per square inch. 
Sinclair-Vulean hydraulic couplings transmit. the 
drive from the engines to the speed-increasing gears, 
while from the gears to the blowers on.the high-speed 
side, the power is transmitted through power plant 
special type turbo couplings. 

The speed-increasing gears were specially designed 
by the Power Plant Company, Ltd., of West Drayton, 
and one of them is shown in Fig. 13. The gears raise 
the engine speed of 320 r.p.m. to.3030 r.p.m. at. the 





centres of completely solid section, with continuous 
rolled steel rims shrunk on to the centres, on which 
the double helical teeth are cut. The pinions are made 
of 3} per cent. Admiralty nickel steel, and the wheels, 
which are the first’ element in the gears, have 379 
teeth, 7 D.P., 16in. face, and the pinions 40 teeth. 

The journals are made of Admiralty type white 
metal, and the gears, together with the bearings, are 
furnished with forced lubrication throughout from 
gear pumps driven from extensions of the low-speed 
shafts. One of these pumps is to be seen in the 
accompanying engraving. 

An unusual feature of the gear is that the over- 
hanging weight of the driven portion of the Sinclair- 
Vulcan clutch had to be counterbalanced to avoid 
the addition of a special bearing. This was done by 

















FiG. 13—SPEED INCREASING GEAR 


making the wheel solid in section, and on an exten- 
sion of the wheel shaft adding a cast iron fly-wheel, 
which is not intended to act as a fly-wheel, but as a 
counterweight. By this method the whole lne of 
shaft with part of the Vulcan clutch at one end and the 
cast iron counterweight fly-wheel at the other is 
brought into a perfect state of balance. It was a 
condition of the contract that the gears in the maker’s 
works should pass a noise test, and that the noise 
should not exceed 40 decibels. That test was carried 
out by W. Christie and Grey, engineers and vibration 
specialists, and registered 19 decibels, so that in the 
matter of noise the gears were very much below the 
standard required by the contract. The whole of the 
material and tests in connection therewith, and the 

















Fic. 14—GEAR BETWEEN PUMP AND OIL ENGINE 


inspection during manufacture, was carried out by 
Lloyd’s surveyors, acting on behalf of Messrs. J. D. 
and D. M. Watson, the consulting engineers. 

The main sewage pumping station, situated at the 
north end of the site, is 150ft. in length by 50ft. in 
width, and together with the workshops, stores, and 
workmen’s quarters, it forms an L-shaped building, 
265ft. long. The gross pumping capacity of the 
installation is 138,000 gallons per minute (approxi- 
mately equivalent to 200 million gallons per day), 
requiring a total power of 3960 B.H.P. The plant con- 
sists of. twelve vertical-spindle centrifugal pumps, 
six of which are of 5000 gallons per minute capacity, 
each driven by an electric motor of 160 B.H.P. The 
remaining six are designed for storm water duty 
with a capacity each of 18,000 gallons per minute. 
They are driven by Diesel oil engines of 500 B.H.P. 





turbo-blowers. The gear wheels are built with cast iron 


Fig. 14 shows the ‘‘ Radicon ”’ speed-increasing gears 
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nee by David Brown and Co. (Huddersfield), 
sta, 


ADMINISTRATION BUILDING. 


The administrative staff is housed in a two-storey 
building, 140ft. by 40ft., which includes accommoda- 
tion for engineering, chemical, and clerical depart- 
ments, 


SLUDGE DISPOSAL. 


The sludge pumping main from the Mogden works 
to Perry Oaks consists of 12in. cast iron pipes con- 
structed in duplicate for the entire distance. The 
pipes are accommodated for a distance of about 
3 miles in main intercepting sewers by slinging them 
from the soffit of the arch ; for the remaining 3} miles 
they are laid in open trench. On arrival at Perry 
Oaks the sludge is delivered into a battery of ten 
circular tanks for the final stage of,digestion. These 
tanks are 100ft. in diameter, with a side water depth 
of 30ft. and a centre depth of 34ft., their total capa- 
city being about 15 million gallons, which, in addition 
to digestion requirements, will give adequate storage 
for meeting the seasonal fluctuations in the drying 
of the final product.’ From these tanks the sludge is 
pumped on to the drying beds, of which there have 
been constructed about 50 acres, divided into sixty- 
two plots of approximately 4000 square yards each. 
These beds are formed of sand and gravel obtained 
from ‘the ‘site, the excavation of this material being 
carried out by pumping. The total thickness of this 
drying. medium is 18in., graded from coarse gravel 
of 2in. gauge at the bottom ‘to a layor of sand at the 
top with two intermediate sizes of gravel between. 
The — pumps were supplied by M. B. Wild and 
Co., Ltd. 

The plots are separated by dwarf walls of concrete, 
the general lay-out being prepared to facilitate 
the manual lifting of the dried sludge and removal 
to the tipping sites for which an adequate area of 
land has been reserved. The whole area of drying beds 
has been provided with a comprehensive system of 
under-drainage, which is connected to the main 
intercepting sewer in the Bath-road by a special 
branch pipe in order that any polluting matter 
carried off in the drainage water shall be returned to 
the Mogden works for treatment with the main flow 
of sewage. In this connection, an interesting feature 
of the works is the construction of a wall of puddle 
clay, encircling the entire site, carried down from 
the ground surface to the underlying strata of London 
clay. This impervious wall will prevent any risk of 
contamination of the subsoil water in the surround- 
ing gravel, and thus form a measure of protection to 
water supply authorities using this part of the 
Thames Valley as a catchment area. 

In conclusion, we would express our indebtedness 
to the consulting engineers, Messrs. J. D. and D. M. 
Watson, of Westminster, and also to Mr. C. B. 
Townend, B.Sc., M. Inst. C.E., engineer in charge, and 
Mr. W. Parker, M. Inst. C.E., chief mechanical and 
elecrical: engineer, and to various contractors, for 
information used in these. articles. 








Letters to the Editor. 
(We do not hold ouirselves responsible for the opinions of our 
_, . , COrrespondents.) 
RAILWAY ELECTRIFICATION. 

Srm;—The letter from Mr. Rettie which appears in the 
current issue of THe ENGINEER. is an interesting one, 
inasmuch as it expresses, I:venture to think, the view held 
by @ large section of the public, namely, that the operation 
of an. intensive* passenger. service by’ steam locomotives 
has passed its zenith and-nothing remains to be done 
except. substitute electrical working if improvements are 
to result. : 

I consider that the problem arising out of the operation 
of the Blackpool. holiday - traffic has nothing whatever 
to do with the form of traction employed. It is mainly 
a question of signalling arrangements and track lay-out. 

If we assume the lines around Blackpool to be elec- 
trified, then it would be necessary to employ electric 
tractors, since the trains are practically all from long 
distances. This would mean, in the first place, I take 
it, a stop by all trains at a “ frontier” station to change 
engines, which, at a busy period, would only increase 
congestion. 

Secondly, it must not be forgotten that the heavy 
holiday traffic exists only for some four months of the 
year, so that for the remaining eight months a number 
of expensive electric tractors would be idle, since obviously 
they could not be moved out of the district at slack 
periods to work on non-electrified sections of the system. 

I fail to see what benefits the railway undertaking 
would obtain from such a scheme. In fact, I think heavy 
losses would be incurred. 

The modern British steam locomotive is capable of 
working passenger express trains at high speeds just as 
efficiently as is the electric tractor, a point either ignored 
or overlooked by Mr. Rettie. Certainly, your corre- 
spondent ‘mentions “the splendid services of trains” 
between Manchester and Blackpool, and between Black- 
pool and Liverpool, but only to point out that they could 
well be electrified. In other words, a satisfactory and 


speedy steam service should be electrified because it is 











satisfactory and not because it is capable of being improved 
by electrification. 

As was pertinently pointed out in a leading article 
in THE ENGINEER a short time ago, the public has been 
assiduously fostered by astute electrical propaganda 
and has been led to believe that electricity is synonymous 
with progress and efficiency. The result of such pro- 
paganda is seen in Mr. Rettie’s letter, I think it would 
be a great pity if the railways of Britain were to be more 
or less forced, by ill-considered public opinion, into 
adopting a form of traction which, once installed, could 
not be lightly discarded for other and more economical 
systems on account of the colossal capital expenditure 
which had been incurred. B. RicHaRpson. 

Newcastle-upon-Tyne, October 28th. 





PROFESSOR GEORGE FORBES. 


Sir,—I would like to pay my humble tribute to a great 
engineer, Professor George Forbes, who has just passed 
away. I often wondered what became of him, as at one 
time his name was much in front of the engineering pro- 
fession, 

No doubt his greatest work was in connection with the 
Niagara Company’s electric plant. I gave a lecture at 
the time to a small society at Birkenhead called the 
Brunswick Young Men’s Guild on the Niagara plant, 
illustrated with lantern views, and I can recall the con- 
troversy that arose round the design of the dynamos. 
The Niagara Company invited a number of expert engi- 
neers from all over Europe to give their advice, including 
Lord Kelvin and Dr. George Forbes. Lord Kelvin 
advised the use of continuous current, but Dr. George 
Forbes recommended the alternating current, which was 
accepted, but there was a difficulty about the voltage to 
be applied. The American manufacturers, including the 
Westinghouse Company, would not guarantee the machines 
over 5000 volts, though Ferranti was making machines 
in this country using 10,000 volts. 

One of the conditions in the formation of the Niagara 
Company was that while European advice was to be sought 
all the machinery must be manufactured in the United 
States. That was one of the difficulties that Dr. Forbes 
was up against in the design of the dynamos. A very 
good account of the affair is given in a book published by 
the American Society of Mechanical Engineers in its 
** Life of George Westinghouse.” 

In the intervening years I seem to have lost sight of 
Dr. Forbes’ name and his achievements, but no doubt some- 
one will write his memoirs, which I for one will look 
forward to reading. 

I had a very interesting conversation about the Niagara 
plant with Z. de Ferranti the last time he was in Liver- 
pool, just before he died. It was after he had given his 
Faraday Lecture before the local branch of the Institution 
of Electrical Engineers. Ferranti himself was interested 
at the time, and had formed a company to buy up the 
rights of the Canadian Falls, but on account of not being 
able to raise the capital, the scheme fell through. 

In conclusion, I would just like to say that science and 
engineering knows no nationality, and every country in 
the civilised world at times has produced great men. 
Scotland has produced her men and has given us Lord 
Kelvin and Dr. George Forbes, and, being of Scotch 
descent myself, I would like to bear witness to them. 

Liverpool, November 2nd. CHARLES RETTIE. 

ENGINEERS AND ECONOMICS. 

Smr,— May I be permitted to express my gratitude to 
Mr. Vowles for his defence of reason, in your last issue ? 

Would that more of the scientists and engineers endea- 
voured to appreciate the social implications of their work. 

Oxford, November 3rd. P. E. Hawes. 








Canadian Engineering News. 


dent.) 





Corresp 


(By our Canadii 


Absorption Plant. 

The British American Oil Company, Ltd., has 
opened its new 300,000-dollar absorption plant in the 
southern part of the Turner Valley field in Alberta. The 
Turner Valley plant marks the third major step of the 
company in the past three years toward making its western 
division a self-supporting industry from the mineral 
resources to the finished product. In 1934 the company 
erected a new refinery, regarded as one of the most modern 
units on the continent, at Moose Jaw. The same year the 
company purchased the Coutts refinery of the North 
West Stellarene Company, and completed the work of 
improving and modernising this plant. 


Big Power Plans. 

The entire Columbia River system on the 
Pacific Coast may be harnessed for the creation of indus- 
trial power in the next few years, it is reported. Publica- 
tion of the report of the International Joint Commis- 
sion on water power and drainage in the Kootenay 
Valley, in the neighbourhood of the International 
Boundary, has drawn attention to certain curious geo- 
graphical features of the Kootenay River and the Columbia 
River system of which it forms a part. These rivers, 
although they ultimately empty into the Pacific Ocean, 
travel for the most part up and down long, narrow valleys 
running north and south, and together with tributary 
rivers and lakes, form one complete water system, and 
very definitely an international water system. Develop- 
ments have already been carried out by the West Kootenay 
Power and Light Company, Trail, B.C., on the Kootenay 
River, in British Columbia, and the United States Govern- 
ment has built a huge dam at the Grand Coulee, on the 
Columbia, in Washington, and, it is understood, con- 





templates further large expenditures there and at other 
power sites lower down the Columbia. It was brought 
out at one of the hearings before the International 
Joint Commission that to get the maximum benefit from 
the Columbia system, on both sides of the International 
Boundary, it would be necessary to arrange for storage 
in the Kootenay, Arrow, and Okanagan lakes. This 
would involve a reference of the whole matter to the 
International Joint Commission. 


Rehabilitation Project. 

The Dominion Government is seeking, along 
with the co-operation of the provinces affected, to 
rehabilitate permanently the western districts which 
periodically suffer from lack of rain, causing ruined crops 
and dangerous soil drifting. The work will be done under 
a commission appointed in 1935 under the Prairie Farm 
Rehabilitation Act to ameliorate droughts in the future. 
Large irrigation dams, of which several are planned, will 
create extensive storage basins. They will be private 
enterprises with Federal assistance. Small dams will 
be constructed providing storage basins from 25 acres to 
200 acres, in which the Dominion assists by engineering 
advice and some direct help. Dug-outs will be constructed 
by the farmers themselves, to which rehabilitation officials 
will provide the engineering advice as to location where 
water can be stored most successfully and inexpensively. 
A general campaign for tree planting has been inaugurated. 
The Dominion has two nursery stations in the west, one 
at Indian Head and the other at Sutherland, both in 
Saskatchewan, from which small trées are provided to the 
settlers for shelter belt purposes. Last year 6,439,000 
trees were planted. This year the nurseries have made 
provision to supply nine million trees. 


New Electric Arc Furnace. 

The Chromium Mining and Smelting Corporation, 
Ltd., with plant at Sault St. Marie, Ontario, has just 
completed the installation of its No. 3 electric arc furnace. 
The new furnace differs markedly from the two already 
installed in that the process will be carried.out in an 
enclosed crucible in contrast to the “open” method 
employed in the others. This will enable the furnacemen 
to control more closely the carbon content of the chrome 
produced. In addition, the furnace is of the tilting type 
as opposed to the others, which are tapped in a similar 
fashion to the furnaces at the steel plant where the molten 
metal flows out through the taphole. By tilting the 
furnace the slags are more easily drawn off and are caught 
in slag pots placed in the furnace pit. The new furnace 
operates on 110 volts and has a rating of approximately 
1200kVA. It will have a 7-ton charge capacity. 


Industrial Conditions. 

General improvement in mining, manufacturing, 
and distribution characterised Canadian business develop- 
ment during the first half of 1936. These conditions, 
according to the Royal Bank of Canada, “ offer no 
suggestion of over-expansion ; they represent a healthy 
reknitting of the industrial and financial fabric; they 
give promise of further favourable developments in the 
future.” Stating that manufacturing operations have 
continued to expand with the improvement particularly 
noticeable in the heavy industries, the report says: 
Production of pig iron in Canada during the first six 
months of the year amounted to 340,000 long tons, as 
against 259,000 tons for the same period of 1935. Steel 
output showed a great gain—578,000 tons, against 
389,000 tons. The steel plant at Sydney has been operat- 
ing at 100 per cent. of capacity compared with 60 per 
cent. last year, and it is anticipated that this basis will 
be continued during the next few months. Newsprint 
mills established a new record in May, to surpass it in 
June. The total output for the first half of the year 
amounted to 1,487,884 tons, against 1,284,894 in 1935 
and 1,311,322 in 1929. The output of central electric 
stations also established new records. Smaller manu- 
facturing plants as a whole were generally well employed 
during the first half of the year. 


Inland Waterways. 

Canada’s system of canals and inland waterways 
is among the most remarkable in the world. Before the 
period of extensive railway construction which began 
for Canada in the ’fifties, the water routes, more especially 
the St. Lawrence, the Great Lakes, and the Ottawa, were 
the chief avenues of transportation. These routes were 
interrupted at certian points, necessitating portages, and 
to eliminate the toil of unloading, transporting, and 
reloading at the portages the canals of Canada were 
constructed. Canals were the earliest large transportation 
works in Canada. One of the first locks was constructed 
by the Hudson’s Bay Company at Sault St. Marie. 
Another was built at the Lachine Rapids on the St. 
Lawrence above Montreal in 1825, followed by the Welland 
Canal in 1829 to overcome the obstacle of Niagara Falls. 
To-day there are ten canals under the jurisdiction of the 
Dominion Government, by means of which a total water- 
way of 1846 miles has been opened to navigation, the 
actual mileage of the canals proper being about 510. 
Commercial vessels made nearly 30,000 passages through 
the Canadian canals last year, and carried about 18 million 
tons of freight. While this is less than one-quarter the 
freight carried by the railways, it is a very important 
contribution to transportation. Agricultural products 
led the freight on the canals, followed by mine products, 
much coal and oil being carried on the water. 


Additional Generator. 

The Dominion Steel and Coal Corporation is 
installing a 7500 kVA turbo-generator in its Seaboard 
power plant, a duplicate of one already in service. This 
unit will be essentially a “spare” for the system, and, 
as explained by the company, is not intended so much 
to provide increased electrical output as to secure the 
corporation against any power shortage owing to failures 
elsewhere in its general power-house circuit. 








Arr Compressor ContTroL.—We have been asked by 
J. Browett Lindley and Co., Ltd., to say that the unloading 
device for air compressors described in our issue of October 
30th has been protected by a patent. 
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Rail and Road. 


Av a cost of £46,700, George-street, Luton, is to be 
widened by 10ft. It is the main shopping street in the 
town and part of the main London-Carlisle route. 


In succession to Sir George McLaren Brown, who has 
retired, Mr. John Coleridge Patteson has been appointed 
European manager of the Canadian Pacific Railway. 


Work is soon to begin on the most northerly highway 
in North America. It will be 200 miles long, and run from 
Waterways at the extreme end of the Northern Alberta 
railway to the southern shore of Lake Athabaska. The 
road is being built to provide an outlet for the output of 
the rich gold mines along the shores of the lake. 


A section of the Great North Road for 1063 yards 
northwards of Farewell Hall is to be reconstructed at 
an estimated cost of over £40,000. When completed the 
section will have an overall width of .120ft., which will 
include two 22ft. wide carriageways separated by a central 
reservation, two 9ft. wide cycle tracks, and two 6ft. wide 
footpaths. 


At a cost of nearly one million pounds the Southern 
Railway has decided to continue the electrification of 
its outer suburban system as far as Reading, and to 
complete various smaller sections in the Guildford and 
Aldershot areas; 43 route miles, or 88 track miles, are 
involved in the scheme, and it is expected that work will 
be finished in 1939. 


At a recent conference of representatives of thirty-nine 
local authorities in South Wales and the West of England 
and other interests, it was agreed that a new road bridge 
across the Severn was essential in the national interests, 
A committee was appointed to urge on the Government 
the desirability of its meeting the cost and facilitating the 
construction of the bridge. 


In an accident on the Pennsylvania Railroad . near 
Princeton Junction on October 29th, one person was 
killed and nineteen injured. It appears that the train 
was travelling at high speed when six Pullman. coaches 
broke away from the rear and, at the same time, the 
carriage in front of them overturned and was dragged on 
by the train for some distance. 


THE Chinese Ministry of Railways has. secured a loan 
of three million dollars for the construction of the 
Szechuen—Hunan and Szechuen—Kweichow railways. 
It is expected that work of construction will begin shortly. 
Surveying in connection with the projected Chengtu— 
Chungking railway is rapidly progressing. This latter 
line, which will have a length of some 523 kiloms., will 
link up Chienyang, Tzuyang, Neikiang, and Yungchuan. 

ACCORDING ‘to @ recent statement of the London 
Passenger Transport Board, within the next five years 
trollybuses are to displace tram cars in South and Central 
London. The Board is promoting a private Bill to give 
it the necessary powers to abolish tramcars over the whole 
of its system, and replace them with trollybuses.. At 
present the Board has powers to convert 200 miles of 
the system, and the new Bill will deal with the remaining 
130 miles. 

Tue L.M.8. Bailway Company announces the appoint- 
ment of Mr. H. A. Hooks, assistant district passenger 
manager, London, to the newly created post of district 
passenger manager, Leeds. In order to bring about a 
closer contact with the public in this area, it has been 
decided to establish a separate district to cover passenger 
commercial work for the 154 L.M.S. stations in the Leeds 
area, which have hitherto been included in the area super- 
vised by the district passenger manager, Manchester. 

Two new sets of carriages have been made for the 
Chicago, Milwaukee, St. Paul and Pacific Railroad’s 
‘** Hiawatha ” trains Considerable weight reductions have 
heen effected in.the new rolling stock, which is over 40 
per cent. lighter than standard carriages. Hauled by the 
same locomotive the new nine-car trains are able to 
maintain the same ‘schedule as the original “‘ Hiawatha ” 
with seven coaches. Using the new method of construction 
the addition of two coaches has only increased the train 
weight by 27°tons, whilst the seating accommodation is 
increased from 376 to 464. 

THERE has been a discussion in the Railway Age as 
to which is the smallest railway in the United States. 
In a recent letter Mr. J. H. Bagley says that the Union 
Railroad of Oregon operates from a junction with O. W. 
R. and N. Company at Union Junction, a distance of 
2-3 miles to Union, Ore., over a single track of standard 
gauge. It has, besides, a total of 0-58 miles of yards and 
sidings, making a grand total of 2-88 miles of track. 
In 1935, it carried. 7907 tons of revenue freight and no 
passengers, and derived therefrom a net income of 92 
dollars after paying all operating expenses and taxes. 


Tue following railway appointments have been made 
at the Railway Clearing House for the year 1937 :—Mr. 
W. V. Wood, viee-president, London, Midland and 
Scottish Railway, Chairman of the General Managers’ 
Conference; Mr. C. J. Selway, passenger manager 
(Southern Area), London and North-Eastern Railway, 
Chairman of the Coaching Traffic Superintendents’ 
Conference ; Mr. V. M. Barrington-Ward, superintendent 
(Western Section), London and North-Eastern Railway, 
Chairman of the Operating Superintendents’ Conference ; 
Mr. Ashton Davies, chief commercial manager, London, 
Midland and Scottish Railway, Chairman of the Goods 
Managers’ Conference. 

ONE of the busiest sections of the L.M.S. Railway’s 
main lines in- the London area, between Carlton-road 
Junction (Kentish Town) and Finchley-road (West 
Hampstead) has been resignalled with colour-light signals 
of the multiple-aspect type, and the installation was 
brought into use on Sunday, November Ist. All main 
line expresses as well as many suburban trains to and 
from St.-Pancras use this section of line, which is situated 
wholly in cuttings or tunnels, including Belsize Tunnel, 
which is over 1 mile in length. The replacement of the 
ordinary semaphore signals by the new colour-light 
signals, coupled with altered positioning of the signals, 
will, it is stated, considerably expedite the working of 
trains over this part of the line. 








Miscellanea. 


Tue International Leipzig Spring Fair for 1937 will 
be open from Sunday, February 28ti, until March 8th. 
We are informed that the bookings for the machinery 
section are very heavy. 

At a cost of 15 million yen a hydrogenation plant, 
capable of producing '50,000 tons of petrol a year, is 
being constructed in Japan. Situated at Kohan, Korea, 
the plant is expected to begin production next April. 


A contract for the construction of a new Delta barrage 
in Egypt has been awarded to Macdonald Gibbs and Co., 
Ltd. The value of the contract is about 24 million 
pounds. Tenders were submitted by eight other British 
concerns, two French and one German firm. J 

Tue Ministry of Health has approved without modifica- 
tion the proposal of the City Corporation to prepare a 
town-planning scheme for the City of London. The 
approval follows the recent Ministry inquiry, and enables 
the Corporation to proceed with its scheme. 

AccorpIné to statistics in the October Bulletin of the 
International Tin Research and Development Council, 
published by the Hague Statistical Office, the world 
apparent consumption of tin decreased from 14,035 tons 
in July, 1936, to 13,163 tons in August. World production 
also shows a decrease from 14,654 tons in July, to 13,421 
tons in August, 1936: World production in the year 
ended August, 1936, exceeded consumption by approxi- 
mately 8000 tons. 

Ir is with regret we have to record the recent death 
of Mr. John Lennox, one of the directors of Colvilles, 
Ltd. Mr. Lennox ‘saw long service with the firm, having 
originally joined, the firm of Colville and Sons in 1880. 
He held-many positions of responsibility, and for many 
years was associated with the plate sales department, 
He was a member of the Iron and Steel Institute, the 
West of Scotland Iron and Steel Institute, and the Insti- 
tution of Engineers and Shipbuilders in Scotland. 

In his presidential address to the London and Southern 
District Junior. Gas Association, Mr. R. Summerson 
gave particulars of experience with the glycerine process 
for the partial dehydration of town gas at Luton. He 
said that the working of the gas-drying plant gave no 
difficulty aad, in ition to the daily reconcentration 
of weak glycerine, the only routine attention necessary 
was the occasional cleaning of the jet condenser in the 
vacuum evaporator. The amount of glycerine required 
to replace losses averaged 2-7 tons per 1000 million cubic 
he of gas treated, the cost being 0-021d. per 1000 cubic 
eet. 


A REPORT of:the United States Bureau of Reclamation 
says that during ‘the:three years of its emergency pro- 
gramme construction and purchase of materials contracts 
to the value of nearly 142 million-dollars have been placed. 
Of this amount-nearly 86 million dollars was for construc- 
tion and 65,882,000 dollars was for the purchase of 
materials, equipment and supplies and to finance work by 
Government forces. The chief items in the programme 
are thirty-five dams for conservation of water in the West. 
Of these dams, four have been completed, nineteen are 
under construction, and contracts for the construction of 
four more soon will be ready for award. Eight additional 
dams are in various stages of preliminary design. 

WE regret to announce the death on October 28th of 
Major-General the Hon. Sir Newton Moore, at the age 
of sixty-six. Sir Newton Moore, for many years a director 
of the General Electric Company, Ltd., was born at 
Bunbury, Western Australia, and was throughout his 
life an ardent Australian imperialist. . Educated at 
Adelaide, he took up the profession. of a surveyor and 
civil engineer, but early in life engaged in active politics, 
He was only thirty-five when he-joined the Western 
Australian Cabinet and thirty-six when he formed a 
ministry of his own. In 1906 he was elected Premier, 
and his services to his State and to the Empire were 
recognised by a C.M.G. being conferred upon him in 
1908, with promotion two years later to K.C.M.G. 

A FURTHER result of the research undertaken by 
members of the Electric Lamp Manufacturers’ Association 
is to be the marketing in the near future of electric dis- 
charge lamps in 80-watt and 125-watt sizes.. The small 
discharge lamp resembles in shape the ordinary household 
lamp, but the light is given out by electric discharge 
in mercury vapour in place of the usual tungsten filament, 
the light source being about the size of half a cigarette. 
The lamp’s immediate application is for factories and 
streets, and it can be readily used-in most fittings. The 
colour rendering is better than that of the large discharge 
lamps. The lamps will be available to work off the normal 
230-volt supply, without requiring ‘a step-up transformer, 
but they require a small choke in ‘series. The initial 
efficiency is given as 40 lumens per watt; average 
efficiency throughout life is 30 lumens per watt, and the 
life is given as 1500 hours. 


In the section of the annual report of the Forest Pro- 
ducts Research Board which “deals with woodworking 
problems, it is stated that in connection with the sawing 
of timber containing silica or other abrasive material, 
it has been found that if trouble m sharpening and resetting 
is to be avoided with the most-refractory: timbers, saws 
with teeth tipped with tungsten-carbide:must be used. 
Reasonably good results were, however, obtairied with 
saws having chrome nickel steel teeth whose shape and 
spacing had been found by experiment to be best suited 
for a particular timber. Timbers having wavy, inter- 
locked, or other form of disturbed grain are liable to 
give torn finishes when planed or moulded in standard 
machines, no matter how much. care had been taken in 
sharpening and setting the cutting tool'in the machine. 
A torn finish, the report states, is generally caused by 
the angle at which the cutters are offered to the wood 
being unsuitable. A method has been developed using 
photo-electric cells by which the finish of planed wood 
surfaces can be accurately measured. The apparatus is 
being used to judge the effect of artificial finishes such 
as waxing, french polishing, &c., on the natural surfaces 
left by the plane. It is also to be used to measure the 
effects of insecticides on polishes and paints used on wood. 





Air and Water. 





A NEw daily air service between London, Portsmouth, 
Bournemouth, Haldon, and Plymouth has been opened 
by Air Dispatch, Ltd. 

THe French Cabinet has approved plans for an 
accelerated expansion of the Air Force at a cost of five 
thousand million franes. 


In a recent address, Mr. Henry Robb said that the 
extra fuel cost of the ‘‘ Queen Mary ”’ in winning the Blue 
Riband of the Atlantic was some £2500. 


A NEw service to be flown on alternate days between 
London, Doncaster, Leeds, Bradford, Newcastle, and 
Perth, has been started by North-Eastern Airways, Ltd. 


WHEN he landed at Croydon at 10 a.m. on Friday, 
October 30th, Mr. J. A. Mollison had succeeded in flying 
across the North Atlantic in the record time of 13 h. 17 min. 


THE weight of air mail letters carried from this country 
during the quarter ended September 30th was 118,900 Ib.. 
as compared with 43,000 lb. for the corresponding quarter 
last year. 

A COMMERCIAL air service has been opened between 
Poland and Palestine. The first air liner on the route left 
Warsaw for Haifa, a distance of some 2000 miles, on 
Tuesday, October 27th. 

THE total mileage flown by Imperial Airways machines 
during the year ended March 31st last was 4,560,718, 
and, according to the annual report just issued, 62,777 
passengers were carried. 

AccorDING to the quarterly return of the Chamber of 
Shipping, as compared with the figures of the three months 
ended July Ist last, there has been a reduction of 99,284 
net tons in the amount of tonnage laid up in British Ports. 


We regret to note the death of Mr. F. Grimshaw Martin, 
the metallurgical chemist and consultant. He was well 
known in shipping circles as a specialist in corrosion 
problems and on the stowage of cargo. 


On the afternoon of November Ist ten persons were 
killed and three injured when an air liner on the service 
between Frankfurt-on-Main and Erfurt crashed near 
Tabarz. The disaster is believed to have been caused by 
bad visibility. 

Durine the past sixteen years the British Tanker 
Company has spent over 15} million pounds on building 
ships in this country. When prices were at their highest 
the cost of carrying oil from Persia to this country was 
nearly 2d. a gallon ; now the cost is about 3d. a gallon. 


WE regret to note the death on October 28th of Com- 
mander Sir Edgar Britten, Commodore of the Cunard- 
White Star Line, and the first captain of the ‘‘ Queen 
Mary.” Sir Edgar entered the Cunard Company’s service 
in 1901,-and in the course of his career he commanded 
most of the line’s principal ships. 


Tue British submarine “ XI,” which is being placed on 
the sales list, is one of the largest ships of her type yet 
constructed. With a submerged displacement of some 
3600 tons, she carries an armament of four 5-2in. guns 
and six torpedo tubes, and has a speed of over 19 knots on 
the surface and 9 knots submerged. 


A NUMBER of improvements are to be made to the Tuskar 
Rock lighthouse, off the South Wexford coast. A radio 
beam to locate the direction of ships which may also be 
used for aircraft is to be installed. The candle-power of 
the light is to be increased to 1} million, and a radio 
telephone is to be installed to enable the lifeboat to be 
summoned for ships in distress. 


THE whole of the fleet of fifteen trawlers built by A.G. 
Werk Seebeck, Wesermunde, for Lever Brothers, Ltd., 
are of Maierform hull ign. Seven of these vessels 
have already been delivered and the remaining nine have 
now been launched and will be handed over to their owners 
before the end of the year. The last of the fleet, ‘‘ Northern 
Isles,” is due for delivery about the second week in 
December. 

SPEAKING at a meeting of the Manchester, Liverpool, 
and district section of the Institute of Transport in 
Manchester, Mr. E. W. Bayliss, the Secretary ‘of the 
National Association of Canal Carriers, expressed the 
view that the inland waterways of England and Wales, 
of which there are approximately 3641 miles, are coming 
into their own again and securing a much better place 
in the comprehensive scheme of transport of the nation. 


AT a recent meeting the Port of London Authority 
had under consideration further progressive steps in con- 
nection with the carrying out of the £12,000,000 develop- 
ment and improvement scheme for the Port of London. 
The decisions included the provision of thirty 3-ton 
electric quay cranes, most of which will be installed at 
the Royal Albert and Royal Victcria docks; and the 
electrification of the quays at certain berths in the West 
India Import Dock and the Eastern Branch Dock, Tilbury 
Docks. 


AccorpDINe to a report, the laying down of the keel of 
“No. 552 ’—the sister ship to the “‘ Queen Mary ’’—will 
not begin until next January or February. The directors 
of Cunard White Star, Ltd., announce that they have 
selected Mr. Grey Wornum, of Devonshire-street, London, 
W., to be the decoration architect for the passenger 
accommodation in “ No. 552.” The company also states 
that it has obtained the services in a consultative 
capacity of Mr. Benjamin Morris, of the firm of Morris 
and O’Connor, architects, New York. 


TE names of the new warships to be constructed under 
the 1936 programme have been announced by the 
Admiralty. They are as follows :—Battleships, ‘“‘ King 
George V,” “ Prince of Wales”; “‘ City ” class cruisers, 





“ Belfast,” ‘‘ Edinburgh”; aircraft carriers, “ Illus- 
trious,” ‘* Victorious ”’ ; small cruisers, “ Dido,” 
“ Euryalus,” ‘‘ Naiad,” ‘‘ Phoebe,” “Sirius”; flotilla 
leader, “Jervis’’; destroyers, ‘‘ Jackal,” ‘‘ Jaguar,” 
‘** Jamaica,” “‘ Janus,”’ “‘ Javelin,’’ ‘“‘ Jersey,” “‘ Jubilant,” 
‘“‘ Jupiter”; ‘Tribal’ class destroyers, “ Ashanti,” 
“ Bedouin,” ‘‘ Eskimo,” ‘‘ Mashona,” ‘* Matabele,” 


** Punjabi,” “‘ Sikh,” “‘ Somali,” “ Tartar.” 
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Pencil Portrait No. 9. 

To-day we present as No. 9 in our series, a 
Pencil Portrait of Sir Basil Mott, a Past-President of 
the Institution of Civil Engineers and senior partner 
in Messrs. Mott, Hay and Anderson, Consulting 
Engineers of Westminster. Sir Basil was associated 
with the late J. H. Greathead in the construction of the 
City and South London Railway, and, in partnership 
with the late Sir Benjamin Baker, in the construction 
of the Central London Railway -and other important 
works. 








THE PRIVATE MANUFACTURE OF ARMS. 


THE Royal Commission on the Private Manu- 
facture of and Trading in Arms, with Sir John Eldon 
Bankes as President, was appointed in February, 
1935. Two years ago a great many people still 
believed in the possibility of universal peace. The 
re-armament race had not begun here, and in many 
quarters the production of war material was still 
regarded as an incitement to war rather than as a 
grim necessity of self-defence. Moreover, an 
inquiry in the United States had revealed certain 
unpleasant facts about the trade in arms. Hence 
the atmosphere was right for an investigation of 
all the problems involved. The Government there- 
fore directed a Royal Commission to go into the 
whole matter from all its aspects. The national 
and international nature of the inquiry, no less 
than its great importance, made it fitting that the 
work should be entrusted to the highest form of 
Commission possible, and the only form which is 
invested with the fullest powers. The Royal Com- 
mission has now presented a Report which, both 
in matter and manner, justifies the great time and 
expense which the investigation has demanded. 
To have secured a unanimous report from a Com- 
mission which certainly started with a diversity of 
views is a triumph upon which the President must 
be heartily congratulated. That end, we suspect, 


could not have been attained without com- 
promises which are obvious to all who read the 


confirmation of private manufacturing firms in 
their position is tempered by the requirement that 
their activities and their profits shall be controlled 
by the State, whilst the sale of munitions of war 
to foreign Powers will only be permitted under 
licence from the State. It need not be said that 
such bureaucratic control as these recommenda- 
tions embrace is a symptom of the anti-individu- 
alism which characterises socialistic politicians. 
The principal question before the Commission 
was whether or not the private manufacture of 
arms should be prohibited. To that question the 
answer is, if not categorical, at least sufficiently 
definite to satisfy all, save the recalcitrants. 
“The abolition of the private industry in the 
United Kingdom,” run the words, “ and the sub- 
stitution for it of a system of State monopoly 
may be practicable, but it is undesirable. No suffi- 
cient cause has, in our opinion, been made out for 
taking so drastic a step. We believe that the 
reasons for maintaining the private industry out- 
weigh those for its abolition.” But if the private 
manufacturer is to be allowed to exist, he will do so 
subject to conditions which, under an autocratic 
Minister, would leave him little, if any more 
liberty than that of a State servant. ‘‘ We recom- 
mend,” continues the Report, “ that the Govern- 
ment should assume complete responsibility for the 
arms industry in the United Kingdom, and should 
organise and regulate the necessary collaboration 
between the Government and private industry ; 
that this responsibility should be exercised through 
a controlling body, presided over by a Minister 
responsible to Parliament, having executive powers 
in peace-time and in war-time over all matters 
relating to the supply and manufacture of arms and 
munitions, costing, and the authorisation of orders 
from abroad.”’ There is no need even to weigh 
these words to see that at every turn the postulated 
Minister might fetter the activities of the private 
manufacturer. When, furthermore, measures are 
taken “to restrict the profits of armament firms in 
peace-time to a reasonable scale of remuneration, 
designed not only to prevent excessive profits, 
but to satisfy the public that they do so,” 
it will be difficult to distinguish the private 
firm from the State factory. The Report gives 
rise to many reflections and queries; it may 
be of interest to indicate two or three out of many. 
In the first place, the question, “ What are arma- 
ments ?” calls for an answer. Much depeads upon 
the reply, for until ‘‘ armaments ”’ are defined it is 
not possible to say what firms would come under 
the control of the proposed Minister. The pro- 
duction of devices for the protection of this 
country against air attack are of the greatest 
importance. Amongst the items are searchlights 
and sound-locating apparatuses for the detection of 
hostile aircraft. Such details are made not by 
armament firms in the ordinary sense of the word. 
Is the manufacture of them to render the makers 
subject to the control envisaged by the Report ? 
These are but two examples out of many that will 
occurtothe reader. One of thearguments against the 
production of arms is that they provoke war. Can 
it be directed against defensive material which is 
not intended, and may perchance be quite un- 
suitable for offence ? If we could define armaments 
as material designed for the offensive destruction 
of life and property, the position might be clear ; 
but such a definition is impracticable—the. coast 
defence cruiser would escape control, whilst the 
battleship was subject to it. Another very diffi- 
cult question is presented by the proposed limita- 
tion on profits. We are entirely in sympathy with 
those who saw with disgust the country’s agony 
in war turned to private gain. But the arma- 
ment firms were by no means the greatest. sinners 
in that respect, and they had the just claim that 
they were established for the purpose of making 
money by the provision of war material ; it was 
their acknowledged and legitimate concern. If 
now their profits are to be controlled, even in 
peace-time, may not they very reasonably demand 
that those profits shall be guaranteed? The 
vicissitudes of armament manufacture are well 
known. Is it reasonable to restrict profits to a 
margin that may be adequate at a given time in face 
of the ever present possibility that a year or two 
later there may be no profits at all? Insuch circum- 
stances we may be certain that no company would 
expend millions upon plant and buildings as 
in the past. The State would have to pay 
for such things, unless, as we say, it would 
guarantee profits as well as limiting them. Further- 
more, it is proposed to keep a firm hand on the 
sale of armaments to foreign Powers. What may be 
the result ? Is it not obvious that millions upon 


their way to these shores will cease to come here, 


but will go to other nations? Consider, too, the 
loss of experience that must ensue from any 
serious check upon the enterprise and initiative 
of those who supply foreign Powers. It may be 
desirable in the cause of universal peace that arms 
should be difficult to buy, but to put ourselves in a 
position of isolation which would not help one iota 
in the attainment of the desired object, would be 
so near folly as to be indistinguishable from it. 
Even assuming that the Minister takes a broad 
view of the manufacture of arms for foreign Powers, 
are we to understand that the profits in such orders 
are to be lumped with the profits on arms for the 
Empire, so reducing all to a low level ? 

For good or for ill, this country is moving 
towards a condition in which the State and a 
bureaucracy rule, and individualism ceases to be. 
Even hardened Conservatives have been heard to 
ask, “‘ What is the Government going to do about 
it?’ But when the adaptability and flexibility 
of an individualistic business are replaced by a 
form of Government control which must be rigid and 
uncompromising a host of difficulties is introduced. 
In order to ensure equity of treatment the controlling 
body must lay down definitions and make rules. 
Consequently it cannot adapt itself rapidly to new 
circumstances ; with the same fetters that it puts 
upon others, it binds itself. It is unaccommodat- 
ing in a way that an individual need not be. Time 
and again this kingdom has “‘ muddled through ”’ 
where others have failed, because, being unham- 
pered by standing orders and plans, she could 
adjust herself quickly to new events as they arose. 
Our private armament firms were in that position. 
Free to make what money they could, to sell 
where they could find a market, and to suit their 
business methods to the countries with which they 
dealt, they modified their plant, equipment, and 
organisation to meet needs as they arose, or as they 
foresaw them. In place of that elasticity the Royal 
Commission proposes a rigid control which cannot 
fail to discourage initiative, and will replace enter- 
prise by obedience to orders. That, we believe, is 
the direction in which the policy of to-day tends. 
But many will regret the passing of a system which 
served it extremely well, which kept it in the fore- 
front of warship design and manufacture, and 
left it unsurpassed in the production of war material. 
They must satisfy themselves with the small 
comfort that the clamorous ones who sought for 
the dissolution of private armament firms have been 
disappointed, and that the Commission has left 
life, if not freedom, to the great businesses whose 
names are known from one end of the world to 
another. 


The “Shadow Factory” Scheme. 


Wiru the personal and political aspects of the 
recent unfortunate dispute between Lord Nuffield 
and the Air Ministry we, as engineers, have nothing 
to do. They have already been given more than 
enough publicity. As engineers however we feel 
deeply concerned in the technical issues to which 
the dispute has called general attention. They are, 
in our opinion, the only issues which are of national 
importance. Further, being impersonal, they have 
not been resolved, nor has their significance been 
in any way abated, by the reported reconciliation 
between the parties to the dispute. Dismissing all 
personalities, let us approach the subject with a 
clear understanding of the difficult problem which 
the Air Ministry has had to face and is still facing. 
Stated briefly it consists, in the main, of the pro- 
vision, with the least possible delay, of means for a 
sudden and large increase in emergency of the 
country’s output of military aircraft, aero-engines 
and aeronautical equipment. Attached to this 
problem is a minor and temporary one, the pro- 
vision of means for supplementing the existing 
output of the established aeronautical industry in 
order to expedite, and to provide adequate engine 
reserves for, the expansion which the Royal 
Air Force is now undergoing in accordance with 
the revised scheme announced in March of this year. 
These two problems are essentially distinct but 
they have been publicly and commonly confused 
with one another and regarded as one. Let us clear 
the ground by removing the minor problem into its 
proper perspective. The provision of the aircraft 
and aero-engines required for the original expan- 
sion scheme of July, 1935, was well within the 
capacity of the aeronautical industry as then 
established. In March, 1936, the expansion scheme 
was enlarged and it was found that the capacity 
of the existing industry was insufficient to provide 
the required number of aeroplanes and engines 
within the prescribed period. On the engine side— 








We find, for instance, that the 


Report with care. 


millions of pounds which have found, and do find, 





the only aspect of the problem which has been 
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ventilated during the past fortnight but not the 
only one, obviously, of importance—the deficit to 
be made good consisted mainly of one in the pro- 
spective output of “ Bristol” engines. It may be 
presumed that the anticipated output of other 
engine types—specifically of Rolls-Royce, Arm- 
strong-Siddeley and Napier engines—was sufficient 
to meet the needs of the enlarged expansion scheme. 
The problem thus presented was capable of rela- 
tively simple solution in a variety of ways. All 
the essential factors were known, the exact number 
of engines needed, the precise type of engine 
required, and the particular date by which they 
would be required. Plain common sense suggested 
that the solution of this minor problem should fit 
in with the solution of the major problem. Unfor- 
tunately the major problem in its essential factors 
was, is, and must remain undefined to a very large 
and highly important degree. 

The emergency to which the solution of the 
major problem must be addressed may arise next 
month, ten years hence, or never at all. The output 
of engines required to meet it can only be guessed. 
The sole basis on which to rest an estimate of the 
number needed is the fact that the plans made for 
the campaign of 1919 which was never fought 
covered an output within the year of over 40,000 
aeroplanes which, allowing for multi-engined air- 
craft and spares, would have meant an annual 
engine production of, perhaps, nearly twice that 
figure. As for the type of engine required we can 
safely say that if the emergency arises next month 
we will want engines of the designs now being pro- 
duced, not however only Bristol engines but Rolls- 
Royce, Armstrong-Siddeley and Napier engines 
as well. If the emergency is postponed for ten 
years we will want the best types then available. 
The rapidity of aero-engine development makes it 
certain that those engines will not be of any design 
which we know to-day. In its essential character- 
istics therefore the major problem is as different 
from the minor problem as it well could be. In the 
one, time, type and number are closely defined. 
In the other they are not only undefined but it is 
essential that they should be kept indefinite to the 
latest possible moment. The minor problem is 
clearly one which by itself permits of solution by 
ordinary commercial and business methods. The 
major problem is quite outside the ordinary scope 
of commerce and any solution of it which has been 
or may be advanced is certainly not to be con- 
demned because it offends established commercial 
canons. Nor is it reasonable to condemn as 
uncommercial a solution of the minor problem 
which, following the dictates of common sense, is 
designed not only to provide the engines required 
under this year’s expansion scheme but to fit in 
with and assist the solution of the major problem. 
Looked at in the general light of these remarks 
the “ shadow factory ” scheme, in our opinion, is 
as satisfactory a solution of the whole problem as 
could well be conceived. That scheme was devised 
before the increased 1936 programme of expansion 
was envisaged, that is to say before what we have 
called the minor problem had arisen. It was 
intended in the first instance solely as a solution of 
the major problem. Under it the Government 
was to bear the cost of erection of factories adjoin- 
ing certain motor car works and to pay the firms 
concerned managerial fees. In these factories 
equipment was to be provided for the production 
of complete aero-engines or parts of such engines 
and selected key men were to be trained ready to 
deal with the large influx of unskilled or semi- 
skilled labour which would staff the main and 
the shadow factories in emergency. It was intended 
that small orders for aero-engines or parts should be 
passed through the shadow factories from time 
to time with the object of keeping the pro- 
duction equipment turning, training the key 
men and enabling the factories to adapt them- 
selves to developments in design or methods of 
production as they were introduced. When the 
1936 programme of expansion was adopted 
and it was realised that the regular aero-engine 
industry would be overtaxed to meet it the shadow 
factory scheme was adjusted temporarily to make 
good the deficit. The placing of orders for a con- 
siderable number of Bristol engines with the 
shadow factories for the purpose of meeting the 
immediate requirements afforded those factories 
an excellent opportunity of gaining immediate 
experience on a scale approaching that on which 
they would have to work in war time. Had the 


minor problem existed by itself other means of 
producing the engines required would certainly 
have been considered preferable. As things were it 
was, in our opinion, rightly and with great advan- 
tage to the country dovetailed into the solution 





already drafted for the major problem. There are 
now being erected eight shadow factories, six for 
the production of engine components and two for 
assembly and testing. Their immediate task will 
be the supply of Bristol engines required before 
1939 for the present expansion scheme. There- 
after, if no emergency arises in the meantime, they 
will assume the function intended for them under 
the original shadow factory scheme. 

We are aware that in responsible circles a con- 
siderable measure of anxiety has been expressed 
concerning the patent danger of producing parts 
of aero-engines at a chain of works followed by 
erection and testing at yet another factory. A 
well-placed bomb, sabotage, or industrial strife 
at any one of the works would destroy the con- 
tinuity of the output. This danger is so obvious 
that from the first it received earnest consideration 
in official circles. We are glad to find that the 
manufacture of separate components in separate 
factories is not part of the original shadow scheme. 
It is a temporary expedient, adopted at the recom- 
mendation of the shadow factory firms, and is 
intended solely to facilitate the output of the 
engines required by 1939. The representatives of 
those firms, with an eye upon the supply of gauges, 
jigs, tools and other equipment, decided against 
complete engine production in each factory. They 
preferred, and indeed regarded it as compulsory, 
to split the engines into components each of which 
would be made solely at one works. Only by so 
doing, they maintained, could the completion of 
the programme by 1939 be guaranteed. With that 
decision, from the -purely engineering point of 
view, we can have no quarrel. It is strictly in 
accord with modern methods of mass production 
and in effect is merely an extension of a practice 
which has long been common in the established 
aero-engine industry which relies to a considerable 
extent on the supply of components by sub- 
contractors. The Air Ministry, looking at the 
proposal from the larger angle of national security, 
accepted it with some reluctance. It would have 
preferred at least two duplicate chains of three 
factories each instead of a single chain for even 
before the completion of the programme in 1939 
the danger of single chain production may become 
acute. We can however rest assured that after the 
present programme has been satisfied the shadow 
factories will not be permitted to remain organised 
for single chain production. They will be re- 
established on a basis of greater security, even 
perhaps to the extent of arranging for the pro- 
duction of complete engines at each factory. The 
shadow factory scheme studied in the light of a 
full and true understanding of it will, we think, 
be accepted by the engineers of the country as 
being as nearly a perfect solution as the almost 
insoluble nature of the problem permits. The fact 
that it has been found possible temporarily to 
adapt it to cover the defined requirements of the 
next two or three years is to be welcomed as 
evidence pointing to its possession of great flexi- 
bility, a quality which is obviously of supreme 
importance. 


The Noise of Road Drills. 


WE have on several occasions stressed the 
importance of a general reduction of the noise 
given out by engineering mechanisms. In par- 
ticular we have directed attention to the peculiarly 
atrocious din of the road-breaker, whose nerve- 
shattering roar reverberates through the streets of 
our cities every summer. On another page of this 
issue we publish an extract from the report of the 
Westminster City Council on the tests it conducted 
last July on a number of road drills fitted with 
silencers. It will be remembered that just a year 
ago the same authority with initiative that 
deserves great praise conducted a similar series of 
tests during the paving of Wilton-road, and that 
nine manufacturers of road drills took part. On 
that occasion, as in that now under discussion, the 
National Physical Laboratory collaborated with 
the Council in making the noise measurements, but 
the arrangements for testing the efficiencies of the 
various drills were unsatisfactory owing to the 
unequal condition of the hardness of the concrete 
to be broken. That defect was remedied in the 
tests conducted last July by the laying down of a 
number of beds of concrete, each 9ft. by 6ft. by 1ft. 
thick, so prepared as to be as nearly as humanly 
possible equally hard. It was also decided that 
the drills should all be served by a single air com- 
pressor so that the results should be strictly com- 
parable and uninfluenced by possible variations of 
air pressure. 

As far as loudness of the noise emitted is con- 
cerned, it is unfortunately necessary to record that 





little improvement seems to have been effected. 
Each manufacturer provided two drills and the 
results are based on the average of the measure- 
ments of the pair. One drill with an average value 
of the equivalent loudness at 20ft. distance of 
91 phons showed a reduction of 11 phons in com- 
parison with the unsilenced drills at 102 phons. 
But this figure is to be accepted with reserve on 
account of the fact that the other drill of the pair 
was operating unsatisfactorily and could not be 
tested. Two pairs of drills at 95 phons each showed 
a reduction of 7 phons, which is, according to the 
Director of the National Physical Laboratory, an 
appreciable improvement, bringing the noise 
nearer to the level of general traffic noises in a busy 
street at about 80 phons, but which exhibits no 
improvement over the figures recorded in October, 
1935. The other drills showed figures ranging 
from 96 to 101 phons. It is unfortunate also that, 
despite the measures taken to ensure uniformity, 
not too much reliance can be placed on the efficiency 
tests. There were in all, counting the unsilenced 
drills, twelve pairs of drills, of which one pair was 
petrol driven. The capacity of the air compressor 
was insufficient to supply air to all the drills simul- 
taneously and they were. in consequence divided 
for the purpose of the efficiency tests into two 
groups of six pairs each. The unsilenced drills 
were included in the first group only. The average 
time taken by a pair of drills to break out the 
prepared bed of concrete is definitely higher in the 
first group than in the second, and it is recorded 
that one manufacturer made complaint as to the 
air pressure. As the petrol-driven drills were 
included in the second group a suspicion necessarily 
arises that there may have been a sufficient differ- 
ence in the average air pressure to make any com- 
parison between the times recorded for the two 
groups unreliable. It is claimed by many engineers 
that the partial silencing of road drills must 
inevitably lead to inefficiency and in general the 
tests may perhaps be claimed to uphold this view. 
But we ourselves are by no means inclined to 
support so defeatist an attitude. That some reduc- 
tion at least in the noise emitted by road drills 
can be effected without significantly affecting the 
performance is demonstrated by the figures 
recorded on No. 7 test bed—99 phons, a reduction 
of 3 phons, and twenty-five minutes to break out 
the bed. Though these particular drills were 
included in the second group which may have been 
working under more favourable conditions than 
those in the first, the time is so short as to suggest 
that the silencer is not affecting the efficiency at all. 

Although the results of the tests cannot be 
regarded with any great satisfaction and although 
many of the silencers added considerably to the 
bulk of the tools and, be it whispered, were some- 
what unwieldy contraptions, we are convinced 
that a useful purpose has been served. While we 
hope that eventually the civil engineer will have 
gained sufficient knowledge and experience of all 
the factors that affect the stability and longevity 
of road foundations to be able to build roads of a 
character as permanent as bridges and dams ; and 
while we hope that at some time in the future it 
will no longer be necessary to place various service 
mains for gas, water, electricity, &c., under city 
streets, it is clear that for very many years yet it 
will be necessary at fairly regular intervals to 
break up and relay the concrete in city streets. 
For that purpose road drills will be used, and we 
congratulate the Westminster City Council and the 
firms that took part in the tests on their initiative 
in trying to bring about a reduction of the conse- 
quent noise nuisance. It is much to be hoped that 
the investigation so energetically begun will not 
now be allowed to rest and that while work on 
silencing the drills is being carried out the import- 
ance of silencing the compressor also will not be 
overlooked. 
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International Congress on Large Dams. 


No. 


HE Second International Congress on Large 
Dams, held in connection with the Third World 
Power Conference, opened at Washington on Sep- 
tember 7th. The consideration of papers occupied 
five sessions, and, in addition, meetings of the Inter- 
national Commission on Large Dams and of the Inter- 
national Committee on Special Cements were held 
during the week. The joint closing meeting of the 
World Power Conference and the Congress on Large 
Dams took place in the Government Auditorium on 
Saturday, September 12th. 
The questions selected for consideration by the 
Congress were five in number :— 


No. IIT: Special Cements. 
No. IV: Design and Waterproofing of Shrinkage, 
Contraction and Expansion Joints. 
No. V: Study of the Facing of Masonry and 
Concrete Dams. 
No. VI: Geotechnical Studies of Foundation 
Materials. 
No. VII: Calculation of the Stability of Earth 
Dams. 


The ‘ questions”? are numbered consecutively, 
Nos. I and II being subjects considered at the First 
Congress held at Stockholm in 1933. 

The reports considered by the Congress at the 
Washington meeting numbered 90, exclusive of the 
general reports on each of the five ‘‘ questions,” 
which in every case was prepared by an American 
member of the Congress. Included in this total are 
a few “communications ” and miscellaneous papers 
on subjects not covered by the “ questions.” In one 
respect the arrangements made for the Washington 
Conference and Congress differed from those adopted 
for the First (Scandinavian) Congress and usual at 
international conferences such as those of the Naviga- 
tion Congress. A charge was made for every copy 
of a printed paper, varying from 1 dollar to 20 cents, 
except in the case of Government delegates, who were 
supplied with a limited number free of cost. At other 
similar meetings copies of the reports have been 
supplied free to members. The papers considered 
by the World Power Conference—charged on a 
similar scale—numbered 232, in addition to the 90 
Dams papers. It was also unfortunate that prints of 
the papers reached Europe from America too late to 
be distributed to most of the members before they 
left for the United States. Indeed, none of the 
general reports was available until European 
members arrived in Washington, and some of the 
other reports were not ready for distribution until a 
day or two before the date fixed for discussion. 

It was especially unfortunate that the report pre- 
pared by Mr, J. L. Savage, the chief designing engi- 
neer of the Bureau of Reclamation, U.S.A., on 
‘* Special Cements for Mass Concrete,’’ was not avail- 
able until the day before the meeting at which the 
subject of it was discussed. The recent work df 
engineers in the United States on special low-heat 
cements is of much value and interest, and the report 
prepared by Mr. Savage and his colleagues—extend- 
ing to 230 pages—is a document of considerable 
importance. , 
ConeREss Stupy Tours. 

Three separate tours were arranged by the American 
Committee for members of the World Power Con- 
ference and of the International Congress on Large 
Dams desiring to see something of recent hydro- 
electric development and large dams construction in 
America. Those taking part in the principal tour, 
occupying three weeks, starting on the night of 
September 14th from New York, after the banquet 
given to the foreign delegates by the Consolidated 
Edison Company of New York at the Hotel Astor, 
first visited Montreal, whence they inspected the 
hydro-electric plants in the St. Maurice Valley of the 
Shawinigan Water and Power Company. The party 
were entertained to dinner on September 15th by 
the Provincial Government, leaving Montreal after 
the dinner for Ottawa. On the following morning 
they inspected the Gatineau Power Company’s 
plants near Ottawa, the day concluding with a dinner 
given by the Dominion Government. Next followed 
a visit to the power plants on the Canadian and 
American sides of the Niagara Falls. Then came 
Chicago and the works for the great earth dam at 
Fort Peck on the river Missouri in Montana. The 
beginning of the second week of the tour brought the 
visitors to Ephrata, whence they proceeded by road 
to the site of the Grand Coulee dam on the Columbia 
River, State of Washington. There the U.S. Bureau 
of Reclamation is building a concrete gravity dam, 
whose cubic capacity will far exceed that of any other 
in the world, not excepting the recently completed 
Boulder dam. The total height from foundation to 
roadway level is to be 550ft.; the dam will be 4300ft. 
long and will contain 104 million cubic yards of con- 
crete.* The present construction contract covers a 





* Compare this with the cubic contents of the Vyrnwy dam, 
260,000 cu. yds. and the original Assuan dam, before it was 
heightened, 700,000 cu. yds, 
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portion of the dam to a height of 177ft., containing 
4-35 million cubic yards concrete. Boulder dam con- 
tains no more than 3} million cubic yards. 

From the Grand Coulee the party went to Seattle 
and inspected the Diablo dam, the site of the pro- 
posed Ruby dam and power plants on the Skagit 
River. From Portland, Oregon, they visited the 
Bonneville dam and navigation works on the 
Columbia River, arriving at San Francisco on 
September 26th, from which city visits were paid to 
the bridges now being built in San Francisco Bay and 
to some of the high-head power projects in the 
Sierras. From Los Angeles flood control and irriga- 
tion works in progress were visited. Then came an 
inspection of Boulder dam on the Colorado River 
and a visit to the Grand Canyon. On the return 
journey to New York, reached on October 6th, visits 
were paid by some members of the party to the 
Wilson and Wheeler dams, while others inspected 
various works of the Tennessee Valley Authority, 
including the Norris dam. ‘Two tours of shorter 
duration were also arranged ; one of them took place 
immediately before the opening of the Conference 
and Congress and the other began on September 14th. 
The first tour included a visit to the rivers and 
harbours laboratory and the soil laboratory at the 
Massachusetts Institution of Technology, Boston, 
Niagara, Pittsburg, and the Tennessee Valley works. 
On the second tour Montreal and Ottawa were substi- 
tuted for the Boston visit. 

The visitors taking part in the tours were trans- 
ported in special air-conditioned trains, which formed 
their headquarters and hotels throughout the greater 
part of the trip. 

Those members of the Congress who arrived in 
Washington in time were invited to inspect, on 
Sunday, September 6th, the dams and hydro-electric 
plants on the Susquehana River at Conowingo and 
Safe Harbor, operated by subsidiaries of the Phila- 
delphia Electric Company and of its associate, the 
Pennsylvania Water and Power Company. These 
two plants aggregate over 600,000 H.P. and a third 
plant at Holtwood, midway between the two, 
generates another 150,000 H.P. They are of special 
interest because the Susquehana River, discharging 
into Chesapeake Bay, drains a basin which, with the 
exception of the St. Lawrence, is the largest and most 
important on the Atlantic Coast of North America ; 
and also on account of the extreme fluctuations in the 
river flow, the maximum recorded flood being nearly 
400 times the minimum flow. The flood of March, 
1936, reached a maximum of 875,000 cusecs at 
Conowingo. Not only did the American hosts show 
to their visitors everything of mterest in the works, 
but they provided a delightful picnic entertainment 
in country of great natural beauty. 

Other parties of visitors interested in dam con- 
struction visited the headquarters of the U.S. Bureau 
of Reclamation at Denver and inspected completed 
works and projects in that area. 


SocraL AND OTHER MEETINGS. 


In addition to the more formal meetings of the 
World Power Conference and of the Congress, the 
members of both organisations were entertained by 
their American hosts at a number of social functions. 
Of the inaugural and other joint meetings we have 
given some account in our articles on the World Power 
Conference, but special reference should here be made 
to the address of the President of the United States, 
Mr. Roosevelt, to the members of the Conference and 
the Congress at the Constitution Hall in Washington 
on the afternoon of Friday, September llth. The 
President’s impressive address concluded with the 
following words :—‘‘I still hold to the belief of two 
years ago, when I spoke as follows : 

‘* * We are going to see, I believe, with our own eyes 
electricity and power made so cheap that they will 
become a standard article of use, not only for agri- 
culture and manufacturing, but also for every home 
within reach of an electric light line. The experience 
of those sections of the world that have cheap power 
proves very conclusively that the cheaper the power 
the more of it is used.’ 

‘These words were spoken at Grand Coulee. The 
Government of the United States has promoted the 
construction of several great reservoirs, which you 
will inspect on your grand tour, primarily for naviga- 
tion or reclamation, but with incidental values for 
flood control and the regulation of stream flow. 
Among other incidental values is the generation of 
electric power. This may prove to be the force that 
breaks the vicious circle to which I have referred. 
If these are not sufficient, the influence of additional 
meritorious projects awaiting development can be 
added. 

‘** Two great dams of the Tennessee Valley Authority 
have been completed and are making their contri- 
bution to the public weal. Grand Coulee is far enough 
along to enlist your interest, as also is Bonneville. 
At Boulder dam on the mighty Colorado the gates 
were closed months ago; a great lake has come into 
being behind the dam; generating equipment has 








been installed in the power plant ; and at this moment’ 
the powerful turbines are awaiting the relatively tiny 
impulse of electrie current which will flow from the 
touch of my hand on the button which you see before 
me on the desk to stir them to life and creative 
activity.” 

Then came the impressive moment, already 
described in our report of the World Power Con- 
ference, when the President touched an electric 
switch on a pedestal at his side and started for the 
first time the first completed unit of turbine and elec- 
tric generator installed at the Boulder dam. 

After the President’s address the members were 
taken by river steamboat down the Potomac River 
and entertained at a garden party at Mount Vernon, 
the beautiful home and burial place of George 
Washington. 

The evening of Tuesday, September 8th, was filled 
by a@ reception and ball given to the members of the 
Conference and Congress at the Mayflower Hotel. 
On the following day there was a garden party in the 
beautiful grounds of the Hon. and Mrs. R. W. Bliss, 
in the outskirts of Washington. In the evening of the 
same day the American Committee entertained the 
members of the Executive Councils of the World 
Power Conference and of the International Com- 
mission on Large Dams to dinner at the Congressional 
Country Club in Maryland. On Thursday many of 
the British members attended a garden party at the 
British Embassy, not the least delightful feature of 
the week’s hospitality. The official banquet to the 
delegates was given on the same evening in the vast 
hall of the Union Railroad Station, converted for the 
occasion from its normal function to that of the enter- 
tainment of 1600 guests. Dr. W. F. Durand presided 
at the dinner and among the speakers were the Hon. 
H. L. Ickes, the Secretary of the Interior, Mr. Owen 
D. Young, Mr. Floyd Carlisle and Viscount Falmouth. 

On Friday morning, September 11th, the official 
Government delegations were received privately by 
the President in his study at the White House, after 
which the visiting delegations gave a luncheon party 
to the American National Committee at the May- 
flower Hotel. 

(To be continued.) 








SIXTY YEARS AGO. 


THOSE engineers, if there still are any, who despise 
the aid of scientific investigation, may be commended to 
a study of the history of lubrication as a means of over- 
coming their obduracy. That metal surfaces in contact 
worked more easily together when grease or oil was intro- 
duced between them was without doubt a very early 
discovery in practice. For many years afterwards prac- 
tice remained content with the discovery. Indeed as 
recently as sixty years ago the simple statement that 
grease or oil did effect an improvement may be said 
fairly well to sum up the extent of existing knowledge on 
the subject. Yet on the railways alone large sums were 
being expended on the purchase of oil and grease—sums 
so large that economy in the use of lubricants had to be 
rigidly enforced. Practice having made its original con- 
tribution could do no more than leave the development 
of the subject to pure empiricism and empiricism, stumbling 
on blindly, produced numerous compounds of mineral, 
vegetable and animal oils with sundry alkalis, earths, 
blacklead, sulphur and other bodies each of which was 
regarded in some quarters as the best lubricant for a 
common purpose. In our issue of November 10th 1876 
we stated that about a year previously the American 
Master Mechanics’ Association had appointed a com- 
mittee to investigate the subject of lubrication par- 
ticularly on railways. The response which it received to 
the questions addressed to various lines was disappointing 
but it was sufficient to show that the consumption of 
lubricants varied over a very wide range. One railway 
reported that it could run a passenger engine 50 miles 
on 1 quart of lubricant. Another line reported that it 
could not run more than 22 miles per quart. The favourite 
cylinder lubricant was tallow. It was usually introduced 
by pouring it in the melted condition down a pipe leading 
from the cab to the cylinders, the application being made 
when the engine was running without steam and a partial 
vacuum existed in the cylinders. For the guides, bearings 
and journals a mixture of lard and petroleum gave the 
best results and a mixture of fish oil and petroleum the 
worst. Petroleum by itself was used by one or two rail- 
ways not however because it excelled as a lubricant but 
because it was readily obtained. The committee was 
disappointed by the lack of fullness in the information 
which it had obtained and resolved to continue its labours. 
We suggested that in this country we should continue the 
investigation. If, we said, our locomotive and carriage 
superintendents would work together an immense amount 
of information concerning the performance of various oils 
and greases would no doubt be obtained. In the absence 
of a society of locomotive superintendents the Institution 
of Mechanical Engineers might, we thought, take the 
subject up with advantage. It did not however matter 
by whom the information required was supplied so long 
as it was precise and full. The properties of lubricants 
concerned every engineer and steam user. Yet there 
was hardly a subject on which so little accurate informa- 
tion was available.... The Institution of Mechanical 
Engineers responded somewhat tardily to our suggestion 
but by 1883 the first of Beauchamp Tower's classical 
reports was ready for presentation. Three years later 
Osborne Reynolds published his mathematical investiga- 
tion of Tower’s results. Since then the theory and prac- 
tice of lubrication have been enriched by the work of a 
host of workers including Sommerfeld, Michell, Harrison, 
Stanton, Lanchester, Deeley, Hardy, Langmuir and many 
others. 
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Distortion of Steel Wires on Passing 


Through a 


By H. QUINNEY, M.A. 


N March, 1932, Professor G. I. Taylor, F.R.S., and the 

author described in a paper* to the Institute of 
Metals amethod by which the distortion of wires passing 
a draw plate could be analysed. The experiments 
described in that paper were confined entirely to 
copper ; on the suggestion of Professor C. E. Inglis, 
F.R.S., work was undertaken in the Engineering 
Laboratories, Cambridge, on steel wire. In a paper 
by the author, published in THE ENGINERR,+ from 
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Draw Plate. 


the distortions are always clearly parabolic in all the 
stages, but with mild steel a well-defined reflex 
curvature develops as shown in Fig. 4at AB. This 
is well defined in the case of heavy draughts, where a 
wire is reduced in area to one-quarter in three 
draughts. 

The details of the dies used for these experiments 
are given in Tables I and II. Table I gives particulars 
of the dies when the reduction of diameter 0-2in. to 
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“Tre Encincer”’ 


Fic. 1—LoaAD-EXTENSION CURVES FOR 


which Fig. 1 is reproduced, it will be seen that the 
load extension curves for gold and other non-ferrous 
metals are quite distinct from that of a ferrous metal. 
The mild steel wires used in the experiments described 
in this paper were supplied by Mr. G. K. Rylands, of 
Warrington, and it is owing to the kindness and 
generosity of Mr. Rylands that these experiments 
were conducted, with Durex and Widia dies. Durex 
is an alloy steel made by Leadbeater and Scott, of 
Sheffield, and Widia is the well-known tungsten 
carbide, which is practically unwearable. Mr. 
Rylands not only supplied some excellent specimens 
of half-round and round wire, but also provided 
Widia and Durex dies suitable for reducing wires 
from 0-2in. diameter to 0- lin. diameter. 

These wires were in the “ patented” condition ; 
that is, suitably heat-treated to give uniformly small 
grains by heating to 1000 deg. Cent. and cooling 





Analysis. 
Per cent. 
Carbon 0-08 
Silicon. . Trace 
Sulphur ‘ 0-0036 
Phosphorus 0-029 
Manganese 0-31 


FiG. 2—MICRO - PHOTOGRAPH, MILD STEEL WIRE 


quickly in air, and a micro-photograph of such a wire 
is shown in Fig. 2. These tests were all made on dead 
soft mild steel wire, and their object was to compare 
the distortions of drawn mild steel wire with those of 
copper. 

In the original paper submitted in 1932 by Pro- 
fessor Taylor and the author it was demonstrated 
that the distortions were parabolic, and that the 
extent of the final distortions of drawn copper wires 
was dependent on how the reductions were made. In 
the case of mild steel the distortions, although finally 
parabolic, were found to exhibit characteristics quite 
distinct from the non-ferrous metals, copper, 
aluminium, &c. In the case of copper and aluminiumt 


* No. 2, Vol. XLIX, 1932. The distortion of wires on passing 
through « draw plate. March 17th, 1932. 

+ THe ENGINEER, June 26th, 1936. 

t Fig. 14, Vol. XLIX, No. 2. The Journal of the Institute of 
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Extension ——> 
GOLD AND MILD STEEL 


0-lin. was effected in three passes, as would be the 
case in actual practiee. Table IT gives the details of 
the dies employed when the same reduction was 
effected in six passes. 

So far as die angle and shape is concerned the dies 
are ground with a perfectly straight tapered hole, 
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FiG. 3—SECTION OF DIE 


Fig. 3, AA,: BB,; the so-called cylindrical portion 
is shown from B B, to CC,. In actual practice, how- 
ever, this portion is ground with a very slight reverse 
taper. As shown in Table I, the apical angle 6 forming 
the drawing bearing is approximately 14 deg. for the 
first hole, and for the second and third holes 10 deg. 


Figs. 4, 5, 6 show the distortions produced by 
consecutive drawings when the wire was reduced 
from 0-2in. diameter to 0-lin. diameter in three 
passes, the reductions being in accordance with 
Table I. Figs. 7, 8, 9, 10, 11, 12 show the correspond- 
ing distortions when the same total reduction was 
effected in six passes, the reductions being in accord- 
ance with Table IT. 

The results of these tests on mild steel show, as was 
demonstrated in the original paper with copper, that 
the final distortions are by no means the same in the 
two cases. It was shown in the case of copper that 
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FIG. 4 
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DISTORTION OF M.S.WIRE PRODUCED BY 
FIRSTHEAVY DRAUGHT, 
Reduction 0:2°dia. to 0-124"dia. 
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Reduction 0 124dia to0-100fdia 


FiGs. 4 TO 6—-THREE-PASS REDUCTION 


the distortion was greater the larger the number of 
passes. The same is found to be true of mild steel. 
In Fig. 13 curves are drawn showing the distortion 
produced when the wire is drawn in three passes and 
six passes from 0-2in. diameter to 0- lin. diameter, 
both for Widia dies and Durex dies. These curves 
are developed by a slightly different process from that 
used for copper in 1932. Mr. Rylands supplied a 
large quantity of excellent half-round wires which 
were all very highly polished on the flat faces. Instead 
of attempting the almost impossible task of following 
the distortions of a set of engraved lines through a 
series of successive passes, the distortions due to 
individual passes were separately determined. Thus, 
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DISTORTION OF M.S. WIRE PRODUCED BY FIRST LIGHT DRAUGHT 
Reduction 0:2000'dia. to 0:1797" dia. 
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FIG. 9 


INCREMENT OF DISTORTION OF M,S. WIRE PRODUCED BY 
THIRD LIGHT DRAUGHT. 
Reduction 0:1545" dia. to 0-1278"dia. 
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INCREMENT OF DISTORTION OF M.S. WIRE PRODUCED BY 
FIFTH LIGHT DRAUGHT. 
Reduction 0-124" dia. to 0-111" dia 
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FIG. 7 TO 12—DISTORTIONS PRODUCED 


to trace the distortion consequent on passing through 
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INCREMENT OF DISTORTION OF M.S. WIRE PRODUCED BY 
SECOND LIGHT DRAUGHT. 
Reduction 0:1797" dia. to 0:1545° dia. 
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YY FIG. 10 
INCREMENT OF DISTORTION OF M.S. WIRE PRODUCED BY 
FOURTH LIGHT DRAUGHT 
Reduction 0:1278" dia. to 0:124" dia. 
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INCREMENT OF DISTORTION OF M.S. WIRE PRODUCED BY 
SIXTH LIGHT = DRAUCHT. 
Reduction 0:111" dia. to 0:100"dia 
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die No. 4 (Table I) the composite wires were drawn 
through die No. 2 before their flat faces were polished 
and engraved. Likewise, to trace the distortion con- 
sequent on passing through die No. 6 (Table I), the 
composite wires before polishing and engraving were 
drawn through dies Nos. 2 and 4. This same method 


TABLE I. 








| Total reduc- Reduction in | Total reduc- | 
Die No. Diametor, | Area, | Reduction in | tion in area for| area per die, tion in area, | Apical angle. 
inch. | square inch. | area per pass. all passes. per cent. | per ¢ent, 
As received 0-2 0-00314 - _- | _ | — 
2 0+ 1545 0-001875 | 0-00127 0-00127 40°5 40-5 13-92 
4 0-124 0-00121 000066 0-00193 35-0 61-5 10-4 
6 0-1001 0- 000785 0-00042 0- 00235 34-8 75-0 | 9-92 
| ! 
TaBLe II.—Consecutive Dies. 
j | ! 
| | 
| | Percentage Total reduction. 
Die. No. Diameter, inch. | Area, square inch, Reduction in | reduction in 
| area per pass. | area per pass. ; 
i | In area. | Per cent. 
0 0- 2000 0-00314 | | : = — 
1 0-1797 0- 00253 000061 19-4 0- 00061 19-4 
2 0° 1545 0- 00187 0- 00066 26-0 0-00127 41-0 
3 0-1278 0-00129 | 000058 | 31-0 0-00185 59-0 
4 0-124 0-00121 | 0- 00008 6-2 0-00193 62-0 
5 0-111 0- 00095 | 0- 00026 | 21-5 0-00219 70-0 
6 0-1001 } 0- 00078 0-0001 0- 00236 75 
| | 


was applied throughout. These distortions were later 
compounded to produce the curves shown in Fig. 13. 

In order to examine further the properties of these 
wires full round wires were drawn from 0- 2in. diameter 














003 — —___— ate , 
‘iiaimalee to about 2 per cent. This is also approximately true 
7 . after having drawn the wire through three passes 
; from 0-2in. diameter to 0- lin. diameter. 
3902 reiimiatal Observations of the forces required to draw the 
& Taste 11I.—Draught Loads, Widia and Durex Dies, Using 
$ Light and Heavy Draughts. 
35 001 ‘Witie'toany Three Passes. 
Ps ‘Durex'Heavy Durex dies. Widia dies. 
Ib. lb. 
938 998 
WE oa ae eee eae aa ee ae ee 
i - S6633..< . Jaxer e aoe ee 
3s sg 3 g Ss S-& 2 3 ms 3 Six Passes. Ne 
se oe $s © & S S&S ¢« Ss 8 Durex dies. Widia dies. 
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ultimate strength of the wires when drawn in six 
passes and when drawn in three passes. In the state 
as supplied the ultimate strength of the wire averaged 


22-5 tons per square inch. After drawing through 
six passes down to 0-lin. diameter the average 
strength of the wire was found to be 37-5 tons per 
square inch. When the wire was drawn in three 
passes only the average strength was found to be 
40-5 tons per square inch. This indicates that the 
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added distortion when drawn in six passes is a source 
of weakness. Observations of the ductility of the 
wires were also made. The wire in the state as 
supplied by Mr. Rylands had an average percentage 
extension of 40 per cent.; after drawing through six 
passes the average percentage extension was reduced 


moving parts it is very reliable, but in the unlikely event 
of it failing to operate, this will be immediately indicated 


by the remote instrument. The relay to be described has 
been designed for large and medium-capacity trans- 
formers fitted with conservators, but another type 
operating on the same principle is being developed for 
use with transformers without conservators, including 
small units as used on small distribution systems. Although 
the relay is more or less new it has been fitted to a large 
number of transformers, and is being applied to the most 
recent of the 93,750-kW units manufactured by the 
Hackbridge Company for the Barking power station. 

The operation of the relay is based on the fact that 
the capacity of a condenser varies with any change in 
its dielectric. If the normal dielectric of the condenser 
is oil its capacity will vary as it is changed to air or gas. 
or even to oil of a different dielectric strength. The 
condenser may be connected in a simple thermionic 
valve circuit so that any variation in its capacity resulting 
from a change in its dielectric will cause a corresponding 
change in the valve anode circuit, which may be utilised 
in turn to give a proportionate indication of the capacity 
variations on a milliammeter, and if the capacity varies 
by more than a certain predetermined amount, to operate 
an alarm circuit. It will be gathered that the apparatus 
comprises a condenser unit, a simple valve circuit using 
a single valve, and a suitably calibrated instrument for 
remote or local indication. 

The condenser unit (Fig. 2) consists of a multi-plate 
condenser in a steel chamber with flanges to allow it to 
be connected in the pipe between the transformer tank 
and conservator, so that under normal conditions it is 
filled with oil. The condenser connections are brought 
out to a terminal board protected by a removable weather- 
proof cover, and a conduit is provided for the connections 
between the condenser, and valve unit as shown in Fig. 2. 

In the case of smaller transformers devoid of a con- 
servator, the condenser is in an inverted box, at the 
top of the transformer inside the tank, together with a 
baffle to guide any evolved gas up into the condenser as 
in Fig. 3. The valve unit is contained in the compact 
ease, which houses the indicating meter, and which is 
mounted on the remote board, although the equipment is 
also supplied with the valve unit mounted in a case on the 
transformer itself, whilst the meter, trip and alarm relays 
are at the remote control point, this arrangement being 
commonly adopted where the relay has to be operated 


wire through Widia and Durex dies were taken and 





are shown in Table ITI. 








‘A. Transformer Protective Relay. 
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N our article on the engineering exhibits at the Civil 
I Engineer’s conversazione published in our issue of 
June 19th, 1936, brief reference was made to a new trans- 
former protective relay introduced by the Hackbridge 
Electric Construction Company, Ltd., of Walton-on- 
Thames. Further details of this relay have now been 
sent to us, together with the accompanying illustrations, 
which show the component parts. By providing a definite 
and reliable indication of incipient faults in transformers 
and similar apparatus, the device enables such plant to 
be inspected and, if necessary, withdrawn from service 
before the fault reaches serious dimensions. It can also 
be arranged automatically to isolate the plant when 





faults develop too rapidly to admit of prior investigation. 

The indicator (Fig. 1) shows the existence of a fault 
on a dial at any reasonable distance from the transformer, 
and gives a quantitative indication from which the 
seriousness of tne fault may be deduced. Alternatively, 
a recording instrument may be employed. 

In practice the condition of a transformer or trans- 
formers controlled from a sub-station or other control 
centre is under continuous observation of the operator, 
who is therefore able to anticipate trouble well before 
it becomes serious. If the fault develops beyond a certain 
stage an alarm is put into operation, and, if required, the 
oil circuit breaker may be tripped. As the relay has no 


from a D.C. circuit. The valve circuit is simple and the 
valve used is of the same type as that employed for railway 
signalling systems having a guaranteed life of 20,000 hours. 
The development of faults.in a transformer, such as 
creepage over or breakdown of insulation, short-circuited 
winding, break in windings or connections or circulating 
current in the core, gives rise to local heating and decom- 
position or cracking of the oil, and consequently tie 
generation of gas bubbles which, in their ascent, are 
trapped in the condenser chamber, where they accumulate 
slowly or rapidly according to the seriousness of the fault. 
The oil level in the chamber is thus reduced and the 
dielectric value varies from that of oil alone to a mixture 
of oil and gas, causing a proportional indication of the 
remote instrument which is normally calibrated in c.c. 
of gas, as shown in Fig. 1. 

On the continuation of the fault the capacity changes 
and so increases the valve output so as to operate an 
alarm and/or signal lamp, which is normally arranged to 
occur when approximately 500 c.c. of gas or air have 
accumulated at the top of the condenser chamber. In 
certain cases, particularly when a transformer has just 
been placed in service, there may be for a while some 
evolution of air bubbles which will cause an indication 
on the remote instrument, and a test cock is therefore 
provided at the top of the condenser chamber so that, if 
necessary @ distinguishing test may be made. 

It will be apparent that the relay will also operate in 
the event of oil leakage from the transformer tank, and 
will give an indication as soon as the oil in the condenser 
chamber falls below a certain level and well before the 
oil level can have serious consequences ; but discrimina- 
tion between operation due to oil leakage and operation 
on electrical faults in the transformer can be made by 
inspection of the conservator oil level. 

Heavy faults, such as internal short circuit or a flasii- 
over, cause a sudden and large evolution of gas, and 
the intense pressure thus set up is transmitted by the 
oil almost instantaneously to the tank interior and also 
along the conservator pipe. For operation on such faults 
the condenser chamber of the relay is provided with a 





simple switching device operated by a sudden pressure 
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wave in the conservator pipe and connected to trip out 
the oil circuit breaker by opening the condenser circuit, 
thus causing a relay in the valve anode circuit to operate. 

The remote indicator shown in Fig. 1 is a milliammeter 
which, as we have said, is normally scaled in cubic centi- 
metres of gas and has a red.danger mark on the scale, 
usually at 500 e.c. The valve unit has a small output 
even when no gas is present in the condenser chamber, 
so that the zero mark of the cubic centimetre scale is 
above the actual zero of the instrument, which is also 
marked. Thus, if the supply fails or the valve unit 
ceases to work, the fact that the relay is out of operation 
is immediately indicated by the instrument pointer falling 
back to its actual zero. 

When it is only desired to obtain a periodical indication 


Condenser 


“THe Encineer” 


FIG. 3—-ARRANGEMENT OF CONDENSER IN A SMALL TRANSFORMER 


of the condition of a number of transformers and full 
protection is not required, one remote indicator and one 
valve unit may be arranged with a simple selector switch 
on the indicating panel, so that the gas accumulation 
for each transformer can be ascertained at regular intervals, 
and a check can thus be kept on their condition. Needless 
to say, under these conditions the life of the valve would 
be several years. 








Alterations at the Rothesay Dock 
Power Station. 


THE Rothesay Dock of the Clyde Navigation Trust 
was officially opened in April, 1907. It lies on the 
Clyde on the outskirts of Glasgow and is employed mainly 
for handling coal and minerals. Since the beginning the 
cranes, hoists, and capstans have been electrically 
operated, although it was originally intended to employ 
hydraulic power in accordance with the standard practice 
at that time. The only other electrically driven hoists 
then known were at Rotterdam and Emden, but in view 
of the rapid progress electricity was making, the Trustees 
put it to, the test by building an experimental crane at 
Prince’s Dock, Glasgow. The results obtained with that 
crane were so satisfactory that it was decided to use elec- 
tricity for the cranes, hoists, and capstans at Rothesay. 

Originally the dock had its own D.C. power station, 
shown in the upper illustration opposite, but after 
thirty years’ service A.C. motors have been substituted for 
the engines, as shown in the lower illustration. A three- 
phase, 11,000-volt supply is taken from the Clyde Valley 
Company’s mains, the change being in conformity with 
the general policy of the Clyde Navjgation Trustees, who 
have now transferred all their equipments to the public 
supply. The station at Rothesay is the last one to be 
dealt with. During the past year the work there has been 
carried out gradually in order to keep the dock plant 
running. 

The contract for the change over was awarded to 
Crompton- Parkinson, Ltd., who supplied and erected the 
necessary plant comprising three 450 H.P. induction motors 
for driving the existing D.C. sets, 180 H.P. and 25 H.P. 
motor generator sets, control'ers, H.T. and L.T. switchgear, 
and transformers. The main generators were sent one by 
one to the Crompton works at Chelmsford, where the 
induction motors were built and coupled to them. The 
three main generating sets are each made up of a 450 H.P., 
440-volt, 365/320 r.p.m. Crompton-Parkinson induction 
motor; a small fly-wheel; a 250-kW Siemens D.C. 
generator; a pulley from which a booster is driven; a 
16-ton fly-wheel enclosed in a cast iron casing; and two 
141-kW, 0/440-volt generators. 

The 250-kW generator supplies the main load, which 
mainly consists of cranes and capstans, while each of the 
141-kW units supplies one of the hoists. The belt-driven 
booster strengthens the field of the main crane generators 
when the speed of the fly-wheel drops. The 16-ton fly- 
wheel takes the place of a battery of accumulators which 
was originally employed to deal with peak loads. The 
cast iron case enclosing the fly-wheel was provided to 
enable the wheel to run in a vacuum if the power required 
to maintain the flywheel and two hoist generators at 
normal speed should prove excessive, but it was found 
that the saving was negligible and the fly-wheels no 
longer run in a vacuum. 

When the hoists are not in use the fly-wheel and hoist 
generators can be disconnected by a clutch. All the motors 
are started by means of push button contactor starters 
supplied by the Igranic Electric Company, and in the case 
of the 450 H.P. motors special contactor and slip resistances 
are used to enable the driving motor to slow down from 
365 to 320 r.p.m., thus taking advantage of the stored 
energy in the fly-wheel. 

The load of the station consists of four 32-ton hoists, 
one 32-ton crane, twenty-one 4-ton cranes, two 8-ton 
cranes, forty-five 1-ton capstans, and various smaller items, 
together with the heating and lighting load. To save 





braking costs, regenerative braking is used on the cranes. 
For use at times of light loads and for service at week- 
ends there is a 120-kW generator now driven by a Crompton 
auto-synchronous motor. A 25 H.P. auto-synchronous 
motor generator set acts as exciter. 

The 11,000-volt supply is brought into two metal-clad 
plug-in Reyrolle H.T. switches, which feed two 1000 kVA, 
11,000/400-volt, three-phase, 50-cycle transformers, 
supplying two Crompton sheet steel cubicles with isolating 
switches interlocked with the main oil switch. A seven- 
panel Crompton truck type board supplies the various 
units. 

Distribution cables are, taken out through the basement 
of the power-house and a spacious concrete subway about 
10ft. wide and 7ft. high built in the walls of the dock. In 
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this subway many of the original copper conductors are 
still in use. The conversion was carried out to the specifi- 
cations and drawings of Mr. Daniel Fife, M.I. Mech. E., 
mechanical and electrical engineer to the Clyde Navigation 
Trust. 








A Sensitive D.C. Current Recorder. 





RECORDING instruments have long been employed in 
power stations and elsewhere for giving graphic records of 
voltage, current, kilowatts, kilovolt-amperes, &c., and in 
boiler houses for recording CO,, steam pressure, steam 
and water flow, &c. The new instrument shown in the 
accompanying illustration has recently been introduced 
by Elliott Brothers (London), Ltd. Its special feature is 

















SENSITIVE D.C. CURRENT RECORDER 


that it gives full-scale deflection for 1 milliampere with a 
resistance of 1100 ohms and a VA consumption of 1-1 
milliwatt. The movement is self-damped and quick- 
acting, which makes the instrument suitable for obtaining 
response curves in audio-frequency work, in which case 
a winding giving full-scale deflection for 0-5 milliampere, 
with a consumption of 1-1 milliwatt, can be provided. 
The instrument has a net width of record of 3}in., and its 
efficiency can be gauged from the fact that the torque for 
a consumption of 1-1 milliwatt is 17 gramme centimetres. 








A Large Iris Shutter. 


THE photograph which we reproduce has been sent 
to us by the London Electric Firm, of Brighton-road, 
South Croydon, as representing the largest iris diaphragm 
shutter ever made. The aperture is approximately 80in. 
in diameter. The vanes of the shutter move from the 
periphery in closing the opening, much like those of an 





































































much more elaborate. Friction of the moving parts has 
been reduced to a minimum, and the driving ring which 
operates the vanes runs on ball-bearing rollers. Mechanical 
dampers are fitted which come into action as the shutter 
opens and closes to prevent shocks reaching the vanes. 
The shutter can be operated either manually or electrically, 
there being a change-over gear which connects it with a 





DIAPHRAGM SHUTTER 


reversible D.C. motor through an integral gear-box. 
The electrical equipment includes a reversing switch, a 
trip switch, and a signal lamp. 








Speed at Sea.* 
By Professor PERCY A. HILLHOUSE, D.Sc. 


In his Presidential Address delivered in October, 1925, 
Mr. Campbell stated that the shipbuilding and engineer- 
ing industries had passed through a very bad year, and 
twelve months later he had to confess that their position 
was, if anything, worse than before. I am happy in that 
this year I can paint a much brighter picture. Though I 
cannot use the word ‘ boom,” there is a welcome and 
definite revival in shipbuilding and the industries dependent 
upon it, and many firms are working to full capacity. 
The strength of our Navy, so long held in abeyance, is 
now being increased to what it should be in view of its 
manifold duties and commitments, and the Admiralty 
programme contributes in no small degree to the volume 
of employment. Large sums are being spent upon the 
acceleration of work in hand, upon the making up of 
deficiencies in ammunition and naval stores, and upon the 
modernising and repair of existing ships of war. In 
addition, there is a large programme of new construction. 
The vessels already in hand or soon to be laid down during 
the current financial year include two capital ships, 
eighteen cruisers, three aircraft carriers, two leaders, 
sixteen “‘ Tribal ”’ class destroyers, twenty-four destroyers, 
sixteen submarines, one depét ship, sixteen sloops, and a 
host of smaller auxiliary vessels. The number of vessels 
is well over 100 and the net total of the Estimates for 
1936 is about £70,000,000. A Supplementary Estimate 
calls for an additional £10,000,000, and a further supple- 
ment for another million. The work is spread over the 
whole country, the Clyde having a good share, and will 
give employment not only to shipbuilding and marine 
engineering establishments, but to a large number of 
sub-contractors. 

The outlook for mercantile shipbuilding is also good. 
The volume of merchant work in hand at the end of June 
amounted to 846,000 tons, this being the highest total 
since December, 1930, and about 60 per cent. greater than 
one year earlier. It is greater than the combined totals 
of Germany, Japan, Holland, and Sweden. Unfor- 

tunately, however, only 64,000 tons is for export, while 
Germany is building 180,000, Sweden 102,000, Denmark 
59,000, and Danzig 26,000 tons—367,000 tons in all for 
export purposes, or about six times the British total. It 
would appear that we are losing our once proudly held 
position as shipbuilders for the world. It is interesting 
to note that of the total world tonnage building at the 
end of June, 21} per cent. is to be driven by reciprocating 
steam engines, 16 per cent. by steam turbines, and 624 per 
cent. by internal combustion engines; that is, three- 

eighths steam engines and five-eighths oil engines. There 

are several examples, built abroad, of vessels of the cross- 

Channel type driven by internal combustion engines. 

We have recently had the welcome news that several new 

manufacturing establishments have been attracted to the 

Clyde district, including a large aircraft factory which 

will employ about 1000 men. ; 
The event of the year was the advent of the “ Queen 

Mary.” We have now on the Atlantic five notable 

contenders. Germany is represented by “ Bremen” and 

** Europa,” each 888ft. in length; Italy by “ Rex,” of 
880ft.; France by “‘ Normandie,” 962ft.; Great Britain 

by ‘‘ Queen Mary,” 965ft. These are all nominal lengths, 

or lengths between perpendiculars. We have as yet not 

reached the 1000ft. mark on this basis of measurement. 

“* Normandie ’” however, measures 1029ft. over all, while 

the giant Cunarder is about 10ft. shorter. But the French 

vessel has a very long overhung counter, and her water- 

line length is the same as that between perpendiculars. 

“Queen Mary,” on the other hand, has a well-immersed 

cruiser stern which gives her a waterline length of 1004ft. 

She has therefore 42ft. greater effective length than her 

French rival, and can develop about 25 per cent. more 

horse-power. The essentials for speed, m addition to 

suitable form, are length, lightness, and power. ‘“‘ Queen 

Mary ” excels her rival in two of these desiderata. No 

particulars of displacement have as yet been published, 

but taking into consideration her very substantial con- 

struction and greater power, it may well be that her total 
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weight exceeds that of ‘‘ Normandie.’’ She has beaten 
her competitor by about one-third of a knot, the record 
speeds being 30-31 knots for ‘‘ Normandie” and 30-63 
for “Queen Mary,’ both on east-bound passages. The 
rivalry is a friendly one, and the performances of these 
two magnificent vessels will be watched with lively interest 
by the whole world. 

The man in the street judges a vessel's performance by 
the figure denoting her speed in knots, sometimes con- 
verting it into miles per hour, in order to obtain a more 
satisfying morsel to roll over his tongue ; 30-63 knots is 
over 35$ miles an hour. The naval architect, however, 
takes length also into the account and considers speed 
in knots im relation to the square root of the length in 
feet. This quotient is called the “‘ speed/length ratio,” 
and by this criterion the Atlantic liners are not very fast 
vessels ; 30 knots on 1000ft. gives a speed/length ratio 
of 0-95. Cross-Channel steamers, although having less 
speed, have much higher speed/length ratios, and as far 
as I know the record in this respect is held by the turbine 
steamer “ Paris,” built by Wm. Denny and Brothers, 
which has attained a speed of 25 knots on a length slightly 
under 300ft., giving a speed /length ratio of 1-44. To have 
the same performance factor as ‘‘ Queen Mary,” this 
small vessel need only travel at about 16} knots, whereas 
to equal “ Paris ’’ in this respect, “‘ Queen Mary ” would 
require to travel at no less than 45} nautical miles per 
hour. A 324ft. destreyer at 36 knots has a speed/length 
ratio of 2-0, while for Gar Wood’s 38ft. ‘‘ Miss America ”’ 
at 108 knots the corresponding figure is 17-5. 

Of course, these figures are not really comparable, since 
the basic conditions for such varied types of craft are 
entirely different. ‘‘ Miss America” was built for speed 
alone and can keep it up for a very short time only. The 
cross-Channel steamer must have a considerable amount 
of passenger accommodation, although she carries fuel for 
a short run only. The Atlantic liner has to accommodate 
luxuriously many hundreds of passengers, she has to 
maintain her speed for four or five days, and she must 
have strength sufficient to defy the worst of weather and 
sea ; and although marine engineers are steadily reducing 
the weights of machinery and fuel in relation to horse- 
power, and metallurgists and naval architects are steadily 
cutting down the weight of structural steel in relation to 
size, yet the travelling public is demanding more and more 
luxury and conveniences of all kinds. Every addition to 
hull weight involves an increase of power to drive it, 
and hence a further addition to the weight of machinery 
and fuel. It may be that we have gone too far in these 
respects, and that a severely plain vessel with home com- 
forts and feeding only might be built so as to show a good 
turn of speed and yet pay well at low rates. The German 
‘Monte Pascoal,’’ upon which we were entertained in 
1934, although not a fast vessel, was a good example of 
pleasing plainness, and was, I understand, able to take 
cruising passengers at a charge of only 10s. per day. 








Metropolitan Water Board. 


ACCORDING to the 33rd Annual Report of the Metro- 
politan Water Board, the quantity of water supplied in 
million gallons during the year ended March 31st, 1936, 
was as follows :— 

Million Gallons. 
In bulk. 
814-3 
2-2 


Grand total. 
102,340-9 
279-6 


Direct area. 
101,526-6 


277-4 


Total volume 
Daily average 


The total daily average supply was 17-9 million gallons 
more than in the preceding year, but it has to be remem- 
bered that in the year 1934-35 the consumption was con- 
siderably reduced as the result of appeals made by the 
Board for economy in the use of water owing to the 
abriormal conditions prevailing and also that restrictions 
were imposed for a period in that year on the use of water 
for garden watering and washing motor vehicles. The 
daily average supply per head was 36-54 gallons, being 
an increase of 1-67 gallons compared with the year 
1934-35. 

The total estimated population supplied by the Board 
at March 3lst, 1936, exclusive of bulk supplies, was 
7,659,245, representing an increase of 146,776 during the 
year. Of this increase 82,541 occurred in the area north 
of the Thames and 64,235 south of the Thames. 

The amount of storage and subsidence reservoir capa- 
city for unfiltered water possessed by the Board at the 
end of the year was as follows :— 

Capacity in 
Area in acres. million gallons. 
1,749-5 14,017-5 
952-5 5,639-5 


No. 
32 
17 


Thames Valley ... 
Lee Valley ... 





49 2,702-0 19,657-0 

According to the supply of 1935-36, the number of 
days’ storage capacity is 70-3 for the grand total supply 
(including bulk supplies). At March 3lst, 1936, the quan- 
tity of water in store was 19,261-1 million gallons, or 
68-9 days’ supply, according to the consumption of the 
year 1935-36. 

By the Metropolitan Water Board Act, 1935, power is 
given to construct a storage reservoir at Walton, and one 
at Staines, together with conduits or lines of pipes con- 
nected therewith, and also aqueducts or lines of pipes from 
the Board’s Kempton Park works to the Fortis Green 
works. The works authorised are to be completed by 
October Ist, 1950, and an extension of time is given for 
tae construction of reservoir No. 2 at Chingford until 
October Ist, 1945. 

During the year a considerable amount of work was 
authorised by the Board, of which the following appear 
to be the most important items :— 


In October, 1935, the Board approved an estimate of 
£1,239,000 for the construction of reservoir No. 2 at 
Staines with conduits, machinery, &c. The site for the 
reservoir is due west of the two existing Staines reservoirs 
and its construction will necessitate the acquisition of 
about 535 acres of land. Its capacity will be approximately 
4400 million gallons. To fill it, water will be drawn from 
the Thames through the existing intake at Hythe End, 





Wraysbury, and the present pumping station will be 
remodelled to serve the new and existing reservoirs. 

The reservoir at Walton, which will have a capacity of 
about 4000 million gallons, will occupy a site to the south 
of the existing Walton reservoirs and for its construction 
about 479 acres of land will have to be acquired, with 
certain easements for the inlet and outlet conduits. 

An estimate of £950,000 has been approved by the 
Board for constructing an additional reservoir and pump- 
ing station, &c., in the Lee Valley, and a tender of £682,156 
has been accepted for the construction of the reservoir 
and other ancillary works. The reservoir is now under 
construction. It will take the form of a continuous 
earthen embankment, water-tightness being secured by a 
puddle clay core wall carried down and keyed into the 
underlying bed of London clay. Provision is made for 
conveying the streams and watercourses which cross the 
site past the proposed reservoir. 

Expenditure of £435,000 has been authorised by the 
Board in respect of the provision of machinery, buildings, 
and working out mains for the remodelling of Hampton 
works. It is probable that the cost of the buildings for 
which a sum of £130,000 has been included, will amount 
to £175,000. The new pumping machinery to be installed 
will have a capacity of 120 million gallons per day, but the 
existing filtration plant is only capable of dealing with 
about 65 million gallons per day and the existing trunk 
mains from Hampton are taxed to their full capacity during 
certain periods. It is essential to make further provision 
to meet the increasing demands for water which are taking 
place. Therefore in February, 1936, the Board approved 
a scheme and authorised total expenditure of £940,250 
for the construction of primary filters, conduits, contact 
tank and chemical treatment plant, sand washing and 
wash water disposal plant, &c. The scheme provides for 
the installation of thirty-two primary filter units with a 
total area of 43,680 square feet for work in conjunction 
with the slow sand beds, which will be reduced to thirty- 
four filter beds with an area of 35-25 acres. The normal 
capacity of the installation will be 120 million gallons per 
day. A contact and equalising tank with a capacity of 
12 million gallons will provide for complete chemical 
sterilisation and enable the load on the filter beds to be 
balanced. 

It is intended to lay an additional 42in. main from 
Hampton to Nunhead and Honor Oak reservoirs for the 
supply of the Southern and Kent districts. The supplies 
to the Northern and Western districts will be augmented 
by a new 60in. main from Kempton Park to Cricklewood. 
These two mains will have a capacity of 53 million gallons 
per day. In the future it will be necessary to lay another 
main from Hampton to Kempton Park. As the output of 
the station will be nearly doubled it is also necessary to 
provide additional mains for supplying raw water to the 
works and conduits in the works. The estimated cost of 
the scheme added to that for new machinery and buildings 
makes the total estimated expenditure £1,420,250. 

In March, 1936, the Board conditionally agreed to 
accept a quotation of £46,162 for the supply and erection 
of the apparatus required in connection with the installa- 
tion of primary filters. 

The extensive building developments which have taken 
place throughout the Board’s area of supply during the 
past few years have been most marked in the Kent engi- 
peering district, where the increase in the number of 
services has been 56 per cent. since 1919. There is every 
indication that building activities are continuing and, in 
addition, more water is being consumed for trade purposes, 
so it has become essential to make further provision to 
augment the supply, and in November, 1935, the Board 
approved expenditure amounting to £138,578 for the 
execution of various works. 

During the year the Board laid in all 142 miles of mains 
of various diameters for the improvement of supply and 
to make provision for the considerable housing develop- 
ment which is taking place in their area. 

The following table shows at a glance the increases 
which have taken place under the Board in the equipment 
of the waterworks since the transfer of the undertakings 
of the metropoliten water companies :— 

Before June, At March 3lst, 
1904 936. 

Storage reservoirs 
water apes cpion 44 
Aewenee ik ise! ees y Se 843 
Capacity in million gallons 4,115- 
Service reservoirs for filtered 
water oes eee ges. ese tiles 
Capacity in million gallons 
Filter beds (slow sand Pees 36 
Acreage a 

Primary filters ... ... 

Area in square fee 

Mechanical filters 

Area in square fee — 
Him@imes ce weet jace tes one 235 
Horse-powe ‘ . 32,177 
Miles of water pipes 5,759 


for unfiltered 
Sie bite 49 
.. 2,702-0 

19,657 -0 


95 
341-6 
178 
175- 
ia 51 
20,064 
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75 
244- 
137 
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Signalling Developments in the 


Irish Free State. 


A PAPER by Mr. H. J. Guthrie, technical assistant to 
the signal and telegraph engineer, Great Southern Rail- 
ways, dealing with the progress of signalling on the Irish 
Free State railways during the past fourteen years, 
was read before the Institution of Railway Signal Engineers 
on Wednesday evening, October 14th. When the Irish 
Free State came into being in 1922, there were fifteen 
separate railway companies operating within its territory, 
the two principal ones being the Great Southern and 
Western Railway, and the Midland Great Western Rail- 
way, representing approximately 72 per cent. of the 
country’s total route mileage. All the companies operat- 
ing completely within the Irish Free State were amal- 
gamated in 1924, and became known as the Great Southern 
Railways, comprising some 2150 route miles, of which 
1986 miles were 5ft. 3in. gauge, and 164 miles 3ft. gauge, 
460 route miles of the former being double-line track. 
At the time of the amalgamation the railway companies 
had just about restored order after the Rebellion of 
1922-23, during which time considerable damage was 





done to railways and communications, and no fewer 
than 200 signal-boxes alone were totally destroyed. 

Prior to amalgamation, the Great Southern and Western 
Railway was the only railway company in the Free State 
which manufactured its own mechanical signalling 
material, but new central workshops now supply the 
demand of the combined companies. The first signalling 
development of any importance since the amalgamation 
was the introduction in 1924 of the hand generator system 
of point and signal operation, the first installation being 
carried out at Charleville Junction, on the Dublin—Cork 
main line. The hand generator, when operated at between 
60-80 r.p.m., will generate between 100-140 volts D.C., 
with current up to 1-2 amperes, without undue exertion, 
enabling a double-ended pair of points to be reversed 
comfortably in six to eight seconds. The point and signal 
machines operate at 100 volts D.C. This system has proved 
most useful in the operation of isolated junctions, and 
thereby considerable annual savings have been obtained. 
At two single-line junctions it has been possible to dispense 
with the signal-box and all signals worked therefrom, 
by power operating the points by hand generator from 
the nearest station, and electrically interlocking the 
points with the electric train staff instruments of each of 
the branch sections concerned. It is noted that at the 
Multyfarmham-—Inny Junction installation the points 
and signals are 3} miles from the box, which probably 
constitutes a record for this method of operation, though 
not the maximum limit. 

From 1925 onwards, the centralisation of signal-boxes 
at several yards and junctions (made feasible by amal- 
gamation) has been carried out, and in some cases facing 
points are being mechanically worked at 425 yards from 
the box and giving every satisfaction. Falling traffic 
receipts caused every possible avenue of economy to be 
explored, and in 1928 it was decided to take the bold and 
drastic step of singling 140 miles of double-line track. 
This change necessitated special arrangements of signalling 
and apparatus to give the required express train running 
and flexible traffic working. It is stated that the single 
tracking has been well justified, yielding considerable 
initial and annual savings and meeting traffic require- 
ments. Colour-light signals were introduced on the 
Irish Free State railways in 1924 at Amiens Street, 
Dublin, using searchlight signals and mechanically 
operated points. The first all-electric signalling was 
brought into service at Westland Row, Dublin, in 1935, 
where, in place of the usual power frame, a miniature 
type mechanical lever frame was designed to perform the 
same functions, and it is claimed that a great advantage 
accrues in maintenance and alterations by using the 
standard units for the interlocking. Another installation, 
at West Road, Dublin, is nearing completion, and from 
the signal-box one single-line and four double-line junctions 
will be operated and 5} route miles controlled. The 
first automatic colour-light signalling installation is 
in course of construction, where 3 miles of double track 
are being equipped with three-aspect signalling, with 
condenser-fed track circuits and wmultiple-lens type 
signals. 

Distant signal arms are painted red and the night 
aspect continues to be red or green. Reinforced concrete 
signal posts were early standardised, but this year, to 
cheapen production and installation costs, tubular steel 
signal posts have been introduced. 








BRITISH STANDARDS INSTITUTION. 


All British Standard Specifications can be obtained from the 
Publications Department of the Institution at 28, Victoria-street, 
London, S.W.1. The price of each specification is 28. 2d. post 
free, unless otherwise stated. 


LIGHT ALLOYS FOR AIRCRAFT CONSTRUCTION. 


No. 51.1. Aluminium Alloy Bars, Extruded Sections, 
and Forgings (Duralumin).—This specification is a revision 
of B.S. 4 L.1. No alteration has been made to the chemical 
composition or to the mechanical test figures. The modi- 
fications introduced are as follows :—Provision is made 
for the selection of mechanical test samples from parcels 
containing sections differing sufficiently in shape, and 
particularly in thickness, as to respond differently to the 
heat treatment operation; the size of the tensile test 
piece for thin extruded sections is laid down, and a table 
giving margins of manufacture for flat bars having a 
ratio of width to thickness exceeding 3 to 1 has been 
included. 

No. 41.3. Aluminium Alloy Sheets and Strips (Dur- 
alumin).—This specification is a revision of B.S. 3 L.3. 
The minimum tensile test values are as follows :—0-1 per 
cent. proof stress (for material thicker than 25 S.W.G. 
only), 15 tons per square inch ultimate tensile stress 
(all thicknesses), 25 tons per square inch. For material 
over 12in. wide tested transversely a minimum 0-1 per 
cent. proof stress of 14-5 tons per square inch is specified. 
For material thicker than 12 8.W.G. a minimum elonga- 
tion of 15 per cent. on 2in. is required. For material 
12 S.W.G. and thinner single and reverse bend tests are 
specified. The manufacturing tolerances on the thickness 
of the sheets and strips have been made unilateral, the 
allowance being all on the plus side. Two classes of 
tolerance—ordinary and special—are specified for the 
width of the sheared strips. These are also unilateral, 
the allowance being made on the minus side. 

No. L.38. Aluminium-coated Aluminium Alloy Sheets 
and Strips (Alclad).—This specification replaces the Air 
Ministry specification D.T.D. 111. The 0-1 per cent. 
proof stress (for material thicker than 25 S.W.G. only) 
is to be not less than 13-5 tons per square inch, and 
the ultimate tensile stress (all thicknesses) not less than 
24 tons per square inch. For material thicker than 
12 S.W.G. an elongation of not less than 15 per cent. on 
2in. is required. For material 12 S8.W.G. and thinner 
single and reverse bend tests are specified. The margins 
of manufacture are the same as those specified in 4 L.3 
for duralumin sheets and strips. 

Copies of these three specifications may be obtained 
price 1s. 2d. each, or 3s. 4d. the set of three. 
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Atmospheric and Pressure Charging 
of a C.I. Engine. 


Tue following report on a series of tests carried out 
by Mr. W. A. Tookey on a compression-ignition oil engine 
with and without pressure charging, is published by the 
courtesy of Crossley-Premier Engines, Ltd., ener, 
near Nottingham. 

Dear Sirs,— 

In accordance with your instructions, I have made a 
series of tests of a Crossley-Premier M.O.6 type hori- 
zontal heavy oil engine, No. 114,782, at your works at 
Sandiacre, and my report is as follows :— 


1. Descrrerion oF ENGINE. 


The engine has six cylinders in line, disposed nesinananty 
with six cranks. The firing sequence is 1, 4, 2, 6, 3, 5. 
The pistons are 16}in. diameter and the length of stroke 
23in. The normal full load rating is based at 70 lb. per 


centre of weights) was 1575-65ft., and as this involved con- 
siderable nicety of adjustment to obtain and maintain 
precision of loading, the fractional load trials were run 
at approximately the desired load differences. The various 
determinations were repeatedly checked and the outputs 
tabulated in this report have been corrected to accord with 
the mean readings in each instance. For convenience of 
comparison the B.H.P. outputs are tabulated, and plotted 
in Fig. 3, with the equivalent brake mean effective pressure 
calculated for each trial. 

Consumption.—The fuel consumed was weighed into 
the fuel feed tank in increments against stop watch read- 
ings, the weight of the increments being varied for the 
different trials so that the time intervals were of about 
the same duration. Thus a continuous check was kept 
upon the rate of consumption and any fluctuation during 
each of the trials could be immediately noticed and taken 
into account. The fuel oil was of the usual “ diesel ” 
type, having a gross (or higher) calorific value of 19,350 
B.Th.U. per lb. 

Speed.—Adjustments were made at each load change 





to the governor spring tension to maintain uniformity of 
speed at 250 r.p.m. Coun- 
ter readings were taken at 
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intervals to check the tacho- 
] meter readings and a locked 
4900 recording tachometer during 
each day’s run gave a graph 
by means of which the speed 
changes and subsequent 
adjustment were automati- 
cally recorded. The speeds 
tabulated are those computed 
from counter readings and 
time intervals for each test. 
Air Pressure.—The blower 
providing the charging air 
for trials A to H was driven 
from the engine crank shaft, 
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FiG. 1—SEQUENCE OF TESTS 


square inch with atmospheric pressure charging and the 
equivalent B.H.P. output is 652 B.H.P. at 250 r.p.m. 

A general description of the engine is unnecessary, as 
the Crossley-Premier design is so well known. It will 
suffice to state that the only deviation from the normal 
is the variation of valve cam contours, and the addition 
of a blower driven from the engine crank shaft to secure 
definite air scavenging of combustion products, and to 
recharge the cylinder with air above atmospheric pressure. 

The designed volume ratio is : 


Piston displacement -+ clearance volume 


=11-19 


clearance volume. 


2. OBJECTS OF THE TRIALS. 


The purpose of the trials was to compare the performance 
of the engine at various loads and at constant speed with 
and without pressure charging, and particularly to ascer- 
tain whether pressure charging was advantageous or 
otherwise, with regard to (a) economy in fuel, and (6) per- 
centage increase of output, without detrimental effects 
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Fic. 2—FUEL CONSUMPTION 


which might shorten the life or might increase the cost of 
maintenance of wearing parts. 


3. SEQUENCE oF TESTS. 


The engine was tested at the loads and in the sequence 
indicated in Fig. 1. These are enumerated as follows :— 


I. With pressure charging :— 

Endurance trials on July 20th, 1936. 

A. 870 B.H.P. normal full-load output (33 per cent. 
above full-load atmospheric rating). 

B. 1000 B.H.P. maximum or emergency output 
(50 per cent. above full-load atmospheric rating). 

C. 870 B.H.P. to check with A, after 34 hours at 
emergency rating. 

Fractional load trials on July 21st, 1936. 

D. Full-load, pressure charged, normal output. 

E, F, G. Three-quarter, half, and quarter outputs. 

H. No load with resistance due to air blower and 
dynamometer. 


II. With atmospheric charging :— 
I. Full-load, 655 B.H.P. 
J, K, L. Three-quarter, half and quarter outputs. 
M. No-load with dynamometer attached. 
N. Full load. 
O. 10 per cent. overload. 
P. No load with dynamometer detached. 


4. MeTHopDS OF MEASUREMENT. 


Output.—The B.H.P. output was determined by a direct- 
coupled Heenan and Froude water dynamometer, size S 8, 
designed to absorb 3400 B.H.P. as maximum B.H.P. with 
uniform torque and at a maximum speed of 400 r.p.m. 
The equivalent length of the lever arm (centre of shaft to 





2st. July 1936 


so that the power absorbed 
by it was included in the 
engine’s frictional resistances. 
The output measured by the 
dynamometer therefore was 
that available entirely for 
external purposes. 

At each trial adjustment was made to maintain a pres- 
sure of 84in. of mercury in the air induction manifold 
common to all cylinders. The amount in excess of that 
required for complete combustion may be appreciated 
from the exhaust gas analysis included in the tabulated 
results for each test. 

The barometer readings during the two days’ trial were 
fairly constant. The mean was 29-67 and 29-86 for the 
respective days. The total pressure in the induction mani- 
fold was therefore 29-67+8-5=38-l7in. during the 
endurance trials and 29-86+8-5=38-36in. during the 
fractional load trials. Thermometer readings throughout 
the trials showed a temperature rise in the air manifold 
of about 58 deg. Fah. above atmospheric during the pres- 
sure-charged tests. 

Exhaust.—The exhaust temperature on the outlet branch 
of each cylinder was noted by the reading of a standard 
type of electric resistance pyrometer, and at each observa- 
tion the reading of the scale corresponding with the ambient 
was also noted. The exhaust temperatures tabulated are 
the mean of means from all cylinders and the tempera- 
ture difference between the ambient and the recorded 
observations, or, in other words, the temperature rise. 

The composition of the exhaust gases was determined 
for each test by absorption in an Orsat type apparatus. 
The results of anaylsis tabulated are the mean of two or 
more determinations for each test. 

Water.—No attempt was made to determine the amount 


Ps | l= 
es WEA t- ° 


~ } Shut Down to Uncouple Brake 


Go + 


8 4 


a 
b 
3 
e) 


combustion pressures between individual cylinders. Light 
spring cards were also obtained showing a mean of 34 Ib. 
to 4lb. per square inch above atmosphere during the 
induction stroke with 84in. mercury, and a mean of 1 Ib. 
per square inch below atmosphere during the induction 
stroke with charging at barometric pressure. Compression 
pressures measured from the cards showed 470 lb. and 
376 lb. per square inch respectively. Combustion pres- 
sures (maximum) were of the order of 650 Ib. to 680 Ib. 
per square inch for pressure charging, and 570 Ib. for 
atmospheric charging for full-load ratings. 


5. Summary or Test RESULTS. 


The principal observations made during the trials are 
tabluated below. 


6. CoMMENTS ON THE RESULTS. 


No Load Resistances.—It is interesting to point out in 
connection with the no load trials : 

H is with 84in. plus barometer pressure, with the 
resistances of both the blower and the dynamometer. 

M is with atmospheric charging (the blower being 
removed), and with the resistance of the dynamometer 
when running without water. 

P is with both blower and dynamometer disconnected. 


The difference in fuel consumed between H and P is 
47-75 lb. —34-5 lb.=13-25 lb. per hour, and between 
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FiG. 3—RELATION BETWEEN B.H.P. AND B.M.E.P. 


M and P 38-5 lb.—34-5lb.=4-01b. per hour. The 
resistance due to the blower is therefore represented by 
the consumption of 9-25 Ib. per hour. 

Output (B.H.P.) and Fuel Consumption.—Fig. 
has been prepared to assist in the appreciation of the 
concordance of the results recorded. It will be seen that 
output in B.H.P. has been plotted horizontally, against 
fuel consumption in Ib. per hour vertically. Differentia- 
tion has been made not only by lettering the plotted 
points in conformity with the tests as tabulated, but by 
using circles to denote pressure-charged results, and 
triangles to denote those obtained with atmospheric 
charging. 

It will be observed that B (pressure-charged) adjoins 
I and N at about 650 B.H.P. output and 240 Ib. fuel per 
hour, and that throughout the whole range the engine 
performance follows the same curve without discernible 
divergence. 

It will further be evident that the cluster of points 
A, C, and D are confirmatory and emphasise regularity 
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of performance, and these with the point B permit the 


Engine Performance. 
Induction at 8hin. (Mercury) Above Barometric Pressure. 

















Output. Consumption. Exhaust, | Exhaust gas analysis. 
Trial. Speed. ' deg. Cent. [|— sari oat Sh - 
| B.H.P | B.M.E.P. | Ib./hr. | tb./B.H.P. hr. | CO, | 0, 
A 250-48 | 871 | 93-6 | 326 | 0-374 335 } - 6-Q@rocfes BB4 
B 250-58 | 996 | 106-8 | 384 0-386 400 7-5 | 10-6 
Cc | 249:96 | 869 93-4 | 325 0-374 341 | 6-4 | 12-4 
D |} 251-5 | 850 90-8 | 321 0-377 323 | @S.-f  3e8 
E | 250-0 | 661 71-0 | 245 0-370 255 |} 46 | 14-9 
F |} 960-8 | 419 45-0 161-5 0-385 176 3-1 | 16-9 
G 249-3 | = 190 20-45 93-4 0-491 105 1-6 | 18-75 
H 250-0 | ‘Nil Nil 47°75 23 75 —- | = 
Induction at Barometric Pressure. 
, | 

I | 250-5 | 643 69-0 | 236-0 | 0-367 | 311 5-8 | 12-9 
J [| S568) }. aa 4 52-0 | 181-0 | 0-373 | 269 4-7 | 14-65 
K | 250-7 | 395 | 42-3 | 152-9 0-387 231 3-9 | 15-7 
L | 260-7 140 | 15-0 15°7 |} 0-54 131 1:9 | 18-4 
M } 250-8 | Nil Nil 38°5 — | 68 Pere | —_ 

N | 250-8 652 69-8 238-7 0-366 =| 322 |} 6-0 | 12-6, 
O 250-8 727 77-9 | 270-5 | 0-372 372 7-0 | 11-2 
P | 250-8 Nil | Nil 34-5 — 54 | atl = 


the rate of flow at each trial. The thermometer readings 
at the outlet of each cylinder were recorded. Adjust- 
ments to rate of flow were made from time to time to 
maintain a mean exit temperature of 100 deg. to 120 deg. 
Fah. during A and B tests with pressure charging, and also 
during I, J, N, O tests with atmospheric charging. 
Lubrication.—The usual arrangements were made to 
note the temperatures of lubricating oil at the outlet from 
the engine bed, and the maximum was 124 deg. Fah. at 
the close of A, B, and C endurance trials on the first day. 
No attempt was made to measure the rate of lubricating 
oil consumption, as it was deemed that any figure obtain- 
able over the relatively short period of two days would 
be misleading... As far as observaton went, normal con- 


ditions prevailed and differed in no essential particular 
from those noted on the many previous occasions when 
tests of the same or greater magnitude were in progress 
under my supervision. 

Indicator Diagrams.—Diagrams were taken at each 





confirm the uniformity of 


load with a heavy spring to 


inference that the addition of the pressure-charging blower 
has no practical effect upon the general efficiency of the 
engine at any load. 

B.H.P./Brake M.E.P.—Fig. 3 shows the relation 
of B.H.P. output with B.M.E.P. for this engine. As the 
B.M.E.P. has been computed from the dynamometric 
determinations solely, the curve proves that the additional 
frictional losses due to the blower are cancelled out. In 
other words, the fluid resistances of the atmospherically 
charged engine during the induction and exhaust strokes 
of the four-stroke cycle amount to as much as the 
mechanical losses in the blower used for pressure charging. 

Exhaust Gas Analysis.—Fig. 4 has been prepared 
from the tabulated figures given for the exhaust gas 
composition. Upon the common basis of B.M.E.P. 
plotted horizontally it will be observed, by the divergence 
between the two curves for oxygen, that air is in greater 
excess at the heavier loadings when pressure charged. 
The uniformity of results under the two conditions is 
evidence of the general accuracy of the test observations. 
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Exhaust Temperatures—From Fig. 5 it may be 
concluded that the full-load rating basis of 70 lb. per 
square inch for atmospheric charging, may be increased 
to 90lb. per square inch with pressure charging—or 
284 per cent. greater output for the same exhaust 
temperature. 

It is usually conceded that the practicable limit of 
capacity for engines of this type is reached when the 
exhaust temperatures are of the order of 400 deg. Cent. 
The chart shows that with pressure charging this is 
reached when the output is equivalent to 107 1b. per 
square inch. By extrapolation of the curve for the 
atmospherically charged engine this limit would be 
reached with about 84lb. B.M.E.P. The increase per- 
mitted by pressure charging is therefore of the order of 
27} per cent. 

That a temperature of 400 deg. Cent. and B.M.E.P. 
of 107 lb. per square inch could be carried safely without 
mechanical trouble, was demonstrated satisfactorily 
by Test B (1000 B.H.P.) being continued for 3} hours— 
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after a previous full load, 850 B.H.P., run of 44 hours. 
Test C was made without discontinuance in order to 
prove that its correspondence with Test A had not been 
made impracticable by the additional heat stresses involved 
by Test B. 

7. CONCLUSIONS. 

From the foregoing it will be evident that the tests 
now reported confirm the already established fact that 
the capacity of an internal combustion engine may be 
safely increased beyond the limits possible with atmo- 
spherically charged cylinders without loss of efficiency 
and without detriment to internal temperatures or to 
mechanical details. It is interesting to recall that what 
is now known as pressure charging was a feature success- 
fully embodied in the Premier scavenging gas engines 
dating back to 1890. 

The fact that upwards of 27 per cent. greater power 
is at disposal for normal stresses and for long continuous 
periods of service by the addition of a blower to the 
Crossley-Premier type of engine, is proved beyond 
question. It has also been demonstrated that an output 
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Fic. 5—EXHAUST TEMPERATURES 


equivalent to 50 per cent. more than the normal—atmo- 
spherically charged—rating can be carried as an emergency 
load for a considerable period (in this case 3} hours) 
with no deleterious effect on the mechanical efficiency 
of the engine ; otherwise, the figures for Tests A and C 
as above reported would not have tallied. 

A commendable feature of the Crossley-Premier method 
of pressure charging is its simplicity and the ease with 
which greater or lesser induction pressures can be graduated 
to suit any variation of operating conditions. The 
engine can be operated independently of the blower, 
and it follows that the normal atmospheric output of 
the engine is still available should the blower unit be out 
of action intentionally or otherwise. 

During the two days occuped by my tests there was 
no hitch of any kind, and I formed the opinion that the 
whole equipment was fully up to the high standard of 
Crossley-Premier manufacture.—Y ours faithfully, 

W. A. TooxKry. 








Silencers on Road Drills.* 


Object of the Tests and Publicity.—In accordance with 
the instructions of the Council, further tests with road 
drills were carried out on July 21st last. The object 
of the tests was to determine the relative loudness of 
the noises emitted by road drills fitted with various 
types of silencers as compared with unsilenced drills and 
to ascertain whether any improvement had been effected 
since the previous tests last October. 





* Extract from report of the Works Committee to the West- 
minster City Council on October 15th, 1936. 





By the courtesy of the Gas Light and Coke Company 
land at the company’s Richmond works was placed at 
the City Council’s disposal without charge, and permission 
was given for the excavation of a number of trenches 
for the construction of concrete test beds. The test beds 
were spaced 6ft. apart and were uniformly constructed 
9ft. by 6ft. by 12in. deep with graded Ham River ballast 
aggregate “‘ Ferrocrete ’’ concrete 6: 1, and each concrete 
bed was in position six weeks before being broken up. 

Twelve manufacturers of silencers were invited to 
demonstrate their own particular type of silencer in 
pairs, and eleven took part. In order to ensure that each 
manufacturer would have reasonably equal air pressure 
and working conditions for his drills, arrangements were 
made for one common air supply, and by the courtesy 
of the Ingersoll-Rand Company, Ltd., the whole of the 
air compressor plant, air conduits, connections, and 
pressure gauges, &c., were installed for this purpose 
without charge to the Council. 

The noise tests were made by the National Physical 
Laboratory, and extracts from the Director's report 
thereon are given below. 


EXTRACTS FROM REpPoRT OF NATIONAL PHysICcAL 
LABORATORY ON MEASUREMENT OF THE NOISE. 


The equivalent loudness of the noise from each drill 
was measured by means of an objective noise meter, 
which consisted of a calibrated microphone in conjunction 
with an electrical amplifier and indicating device designed 
to simulate the ear under appropriate conditions of 
loudness. Each drill of each pair was operated separately 
at a point near the centre of the test bed allotted, before 
the bed had been otherwise broken. Measurements 
made at intervals throughout the tests showed that 
extraneous noises, including the noise arising from the 
compressors, were insufficient near the microphone to 
cause appreciable interference with the measurements 
of the noises emitted by the drills. 

Results of Measurements.—The results of the measure- 
ments are given in the table. Except where otherwise 
noted the equivalent loudness recorded is the average 
value of the sixteen measurements made on each pair 
of drills. The individual drills of each pair gave very 
similar results, the maximum difference observed being 
2-5 phons. The deviation of the individual measure- 
ments made on each drill from the mean for that drill 
was on the average of the order of 2 phons. 

Scale of Equivalent Loudness.—The equivalent loudness 
of a noise is measured by that of a pure tone of frequency 
1000 cycles per second which is judged by an average 
observer to be as loud as the noise. The equivalent 
loudness of a 1000 cycle plane progressive sound wave 
is n phons (B.S.) when the sound intensity is decibels 
above a zero corresponding to a sound pressure of 0-0002 
dyne per square centimetre. 

Average value of 
equivalent loudness of 
noise at 20ft. distance. 

(Objective measurements.) 
Phons (B.S.). 
oy nytt See 


Identification 
No. of test bed. 


CWA Me wtom DS 


10 
Oe hous eel aot sane 
* Mean value for one drill only. The other drill of the pair 
was not operating satisfactorily during the noise measurements. 
+ Mean value of fourteen measurements only. One of the 
drills stuck after six measurements had beén made on it. 
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Tests for Efficiency—Upon completion of the tests 
for noise, the tests for efficiency were proceeded with in 
the following manner :— 


The twelve test beds (including the test bed for 
unsilenced drills—the standard of comparison) were 
divided into two groups of six beds each. At a given 
signal the drills, two working simultaneously on each 
bed, commenced to break out the whole of the concrete 
in beds A and Nos. 1 to 5, the unsilenced drills being 
employed on bed A, and the silenced drills on beds 1 to 5. 
The times of commencement and completion for breaking 
out and clearing the test beds of broken concrete were 
carefully recorded, and on the first six beds being com- 
pleted the remaining beds—Nos. 6 to 11—were similarly 
dealt with. The results of these tests were as follows :— 





Time taken 
Test for bed to be 
bed broken out. 
Nos. and cleared. 


Remarks. 





Min. 
34 
55 


Unsilenced drills—standard of comparison 

Complaint made by this firm that pressure 
was down to 60 lb. at 1.15 p.m. 

Claim made for 4 min. reduction in time 
owing to two hammermen leaving the 
test bed for 4 min. before they were 
aware that they had to assist in clearing 
the test bed 


This firm asked to withdraw, the drills 
having failed to make much progress, 
and an area of 15 square feet of concrete 
was left in the test bed unbroken 


SOMAID MS oo 


_ 


completed 


11 37 


As the concrete test beds were uniform in every respect, 
a much better idea of the efficiency attained by the 
respective competitors is shown in the foregoing table 





than was possible in the case of the demonstration in 
October, 1935, when the operations were carried out in 
old road concrete foundations of varying quality and 
thickness. 


OBSERVATIONS. 


At the previous test the best of the silencers gave a 
noise reduction of 7 phons. On the present occasion 
the greatest noise difference between the unsilenced and 
silénced drills was 11 phons (102 and 91 respectively). 
As, however, each competitor was required to operate 
a pair of drills and the figure of 91 phons relates to the 
working of one drill only, it is, we think, inadvisable to 
claim that the demonstration proved a noise reduction 
of 11 phons. The next best results were obtained by two 
pairs of drills with 95 phons each or 7 phons below the 
unsilenced pair. In his report of the previous test the 
Director of the National Physical Laboratory stated that 
a noise reduction of 7 phons is an appreciable improve- 
ment, bringing the noise nearer to that of general traffic 
noises in busy streets (say, 80 phons). 

When the noise results are compared with the’ time 
results it will be seen that the drills with the least noise 
occupied the greatest time. There will, of course, be no 
improvement if noise reduction is secured at the expense 
of efficiency, as in that case additional drills would be 
required to perform a given quantity of work in a given 
time. The object to be aimed at, therefore, is noise 
reduction plus undiminished efficiency. Whilst the 
figures given above indicate that further progress must 
be made before that object is secured, we are of opinion 
that the demonstration has served a most useful purpose, 
and by providing precisely similar conditions for each 
competitor has enabled the Council to obtain scientifically 
accurate results which will be of value for comparative 
purposes in connection with future tests. There is, we 
believe, a keen desire on the part of manufacturers to 
produce a machine which will in fact as well as in name be 
a “silencer,” and we are of opinion that competitive 
demonstrations of the character undertaken by the Council 
form the best incentive to makers to persevere to that 
end. We therefore propose that in due course a further 
demonstration should be undertaken. In the meantime, 
we are considering how best to secure that the relief 
afforded by the most efficient drill silencers now available 
shall be employed in all street works in the City, and we 
propose approaching the several statutory undertakers 
operating in the City, whose street works necessitating 
the use of drills are of much greater extent than those 
of the City Council, with a view to securing their co-opera- 
tion in this respect. 








LAUNCHES AND TRIAL TRIPS. 


Serra, motor tankship ; built by Swan, Hunter and Wigham 
Richardson, Ltd., to the order of Anglo-Saxon Petroleum Com- 
pany, Ltd.; dimensions, length 425ft., breadth 54ft. 3in., depth 
3lft.; to carry 9100 tons. Engines, one six-cylinder, four-stroke, 
solid-injection oil ; trial trip, October 21st. 

DucHEss oF ABEROCORNE, Oil,electric tug ; built by Harland 
and Wolff, Ltd., to the order of Belfast Harbour Commissioners ; 
dimensions, length 126ft. 9in., breadth 27ft., depth 12ft. 6in. 
Engines, two high-speed oil engines, each direct coupled to an 
electric generator ; trial trip, October 23rd. 


CyPRIAN Prince, steamship ; built by Furness Shipbuilding 
Company, Ltd., to the order of Prince Line, Ltd.; dimensions, 
length 294ft., breadth 44ft., depth 27ft. l}in.; to carry 3000 
tons. Engines, triple-expansion, 19in., 3lin., 55in. diameter 
by 36in. stroke, pressure 220 1b. per square inch ; constructed 
by Richardsons Westgarth and Co., Ltd.; launch, October 29th. 

Pe.uicuta, tank ship; built by Cammell Laird and Co., 
Ltd., to the order of Anglo Saxon Petroleum Company, Ltd.; 
dimensions, length 425ft., breadth 54ft. 3in., depth 31ft., 9100 
tons deadweight. Engines, six-cylinder, four-stroke, single- 
acting oil; launch, October 29th. 








CONTRACTS AND ORDERS. 


The Editor is always happy to print short announcements of 
contracts and orders in this column provided they are sent to him 
in time to have news value and that they are likely to interest readers. 


Tue Enousn Exvectric Company, Ltd., has received from 
the Yorkshire Electric Power Company an order for two 40,000 
kW steam turbo-alternator sets, running at 3000 r.p.m., for the 
Ferrybridge power station. These machines are stated to be 
the first of their output and speed to be ordered for use in this 
country. 

HARLAND AND Wo Fr, Ltd., have received an order for over 
1100 tons of castings for the new sister ship to the ‘‘ Queen 
Mary ” (‘‘ No. 552”). The contract, which includes gear cases, 
gear wheel centres, turbine casings, thrust blocks, pedestals, 
and condenser water ends, will be carried out at the firm’s 
Clyde Foundry. 

Hick, HARGREAVES AND Co., Ltd., have receivéd an order 
for a 50,000-kW surface condensing plant with auxiliaries and 
closed feed system in connection with the extensions to the 
Ironbridge generating station of the West Midlands Joint 
Electricity Authority. This is the third 50,000-kW condensing 
pent supplied to the Ironbridge station by Messrs. Hick, 

argreaves. 

Tue Wetiman SmitH OWEN ENGINEERING CORPORATION, 
Ltd., has been awarded a contract by the Cleveland Bridge and 
Engineering Company, Ltd., Darlington, for the supply of two 
bridge erection cranes of the creeper type, to be employed in the 
erection of the cantilever yom to be built over the Hooghly 
River between Howrah and Calcutta. Each crane will be fitted 
with two jibs, each capable of dealing with 60-ton loads. 
Auxiliary lifts for loads up to 20 tons are also provided for. It 
is understood that this is the first occasion on which cranes of 
this type and capacity have been employed in the erection of 
bridges of the cantilever type, the design of the cranes calling 
for the introduction of many interesting and novel features and 
involving the supply of considerably more than 1000 tons of 
machinery. It will be recalled that the Wellman Smith Owen 
Engineering Corporation supplied the creeper cranes of 120 tons 
capacity which were employed by Dorman, Long and Co. in 
connection with the erection of the Sydney Harbour Bridge. 
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Markets, Notes and News. 


The prices quoted herein relate to bulk quantities. 


f.o.b. steamer. 


The Steel Trade Abroad. 


Although the Continental steel industries are 
not generally speaking so actively employed as the 
British, the position shows a great improvement compared 
with only a few weeks ago. The German home trade 
demand has been for the greater part of this year on a 
very substantial scale, and lately it has appreciably 
increased, and it is now calculated that the unfilled orders 
in the hands of the works are more than 25 per cent. 
higher than at the end of October, 1935. It is stated 
that the works are operating at 88 per cent. of capacity, 
but that the output is barely sufficient to meet consumers’ 
requirements. The industry is very much under the 
direction of the Government, and recently regulations 
were issued prohibiting merchants who normally carry 
stocks of more than 100 tons to increase their holdings 
beyond four weeks’ average deliveries. This has been 
done to avoid the disturbance which frequently takes 
place during times of great trading activity through 
stockholders paying premiums for prompt delivery in 
order to add to their reserves. It is the German Govern- 
ment’s policy to protect the smaller trading concerns 
from what they regard as the unfair competition of larger 
firms, and it was with that object that the regulation was 
made. In Belgium the situation is equally satisfactory, 
and most of the works are provided with sufficient orders 
to keep them busy until the end of January. In September 
the sales of Cosibel, the Belgian central selling organisa- 
tion, reached a total of 135,000 tons, which included 
over 30,000 tons of semis. Of the 105,000 tons of finished 
steel materials which were sold 60 per cent. was for 
export. At the end of September the reserve of orders 
upon the books amounted to 45,000 tons, and it is expected 
that the figures at the end of October will be equally 
satisfactory. One of the features of the Belgian trade is 
the activity at the works of the re-rollers, who have 
reached an agreement with the steel makers regarding 
their supplies of billets. The French industry is perhaps 
not so well employed as the Belgian. Rearmament plans 
which are being pursued in France, however, are beginning 
to fill the steel works’ order books, and the French export 
trade in steel has been improving for some weeks. In the 
United States the production of steel ingots has reached 
an average of 74-3 per cent. of capacity. The demand for 
sheets is a feature of the American market for the time 
being, and some of the mills have sold their output for 
the remainder of the year. The American production of 
sheets in September totalled 213,706 tons, and the sales 
255,557 tons. The unfilled orders at the end of the 
month were 287,746, and the stocks of finished sheets 
declined to 71,367 tons. 


The Pig Iron Market. 


Nothing has occurred to allay the fears felt 
by consumers that the present stringency in the market 
for foundry pig iron will develop into something like 
a famine. While most consumers have considerable 
quantities to receive against contracts running up to 
and beyond the end of the year, there are few who have 
not under-estimated their requirements, and it is obvious 
that the present production will be insufficient to meet 
the demand. The tightness is more noticeable in foundry 
than in other brands. Naturally, whilst such a situation 
prevails, any parcels of iron which become available 
are eagerly snapped up. On the other hand, the pro- 
ducers are reluctant to add to their order books since 
they are by no means sure of future supplies of coke 
and ore, and it is not easy to forecast the course of prices. 
On the North-East Coast only one furnace is producing 
foundry iron, although the make is supplemented by 
the output of another furnace at week-ends. This pro- 
duction is not sufficient to provide for deliveries against 
running contracts. As a result, business in No. 3 foundry 
iron has practically ceased, and consumers are only too 
glad to use other grades as substitutes when these can 
be obtained. It is expected that another furnace at 
Skinningrove will be put into blast before the end of the 
year, but even then it is unlikely that the demand will 
be fully met. The position in the Midlands is rather 
better, but the Northamptonshire makers are reported 
to have sold their output until the end of March and to 
be refusing fresh business beyond that date. As in the 
case of Cleveland iron, the lack of supplies to meet the 
urgent demand is leading to the use of other qualities. In 
the Derbyshire district stocks at furnaces still exist, but 
are being rapidly drawn upon, and some consumers appear 
anxious to lay in reserves. Most of the Lancashire 
consumers appear to have covered their forward require- 
ments, but there is a considerable amount of business 
offering. In the Scottish market the demand for foundry 
grades has become a little quieter, largely as a result of 
the replacement of expiring contracts for delivery up 
till the end of the first quarter of 1937. The light castings 
industry has a heavy tonnage of work in hand, and is 
absorbing good quantities of iron. In the basic iron 
section of the market the position is somewhat easier. 
The production of this iron greatly exceeds the output 
of other qualities, and most consumers have arranged 
for their future supplies for some time ahead. In fact, 
it is suggested in some cases that their purchases are likely 
to be in excess of their requirements. 


Scotland and the North. 


The market in Scotland has had a rather quieter 
appearance lately, but this is not so much that new busi- 
ness is scarce, as that the steel makers are reluctant 
to commit themselves for forward delivery, and are inclined 
to scrutinise carefully the orders which come forward. 
Pressure to obtain semi-finished steel is unrelaxed, although 
the position has become more satisfactory from the re- 
rollers’ point of view as a result of the recent arrange- 
ment with the Continent. The Scottish re-rollers, how- 


Unless otherwise specified home trade quotation 


and are by no means satisfied with the rate at which they 
are receiving delivery. It is said that the plant at Glen- 
garnock will commence working early in the New Year, 
and this should materially assist in relieving the shortage. 
The requirements of the consumers are much heavier than 
for a long period and a heavy tonnage of small bars, 
sections and strip is moving into consumption. There 
has been no change in the price of small steel bars, which 
are quoted at £9 7s. d/d, whilst the export quotation has 
been fixed at £8 2s. 6d. f.o.b. Glasgow. The bar iron 
works, however, have not experienced their full share of 
the activity in the iron and steel trades, and although 
there was a rush of new business a few weeks ago, it has 
not been maintained. The fact is that steel is used for 
many purposes for which formerly iron was considered 
to be essential. New orders, however, appear to be coming 
to hand in sufficient volume to make good the contracts 
which are being completed. The sheet mills in Scotland 
are well employed, and a considerable tonnage is passing 
to the shipyards where some of the vessels under con- 
struction have reached a stage at which this material is 
required. In the Lancashire market there has been a 
good demand for plates from the boiler and tank makers. 
At times also there has been a real scramble to obtain 
particular sizes of sections which it was known were being 
produced at certain works. Many of the steel makers have 
put into operation a system of rationing their customers, 
but this, of course, does not cause general satisfaction. 
There is an active demand for special steels and 
a considerable business has been transacted in bright 
drawn steel bars. Busy conditions prevail in the Barrow 
and Workington districts and the mills have sufficient 
orders in hand to ensure a full rate of operations for the 
next three or four months. 


Current Business. 


Macdonald Gibbs and Co. (Engineers), Ltd., 
Finsbury-square, London, E.C.2, have been given a 
contract for the construction of the Mahomed Aly barrage 
in Egypt; the contract is valued at £2,000,000. It is 
announced that Sheffield Steel Products, Ltd., will erect 
a modern works on an extensive site at Templeborough, 
which, during the war, was a munition factory. The 
construction of a ferry is to be commenced shortly at 
Flixborough on the Trent, which will provide access by 
water to the Normanby Park steel works of John Lysaght, 
Ltd., Scunthorpe. Railway tracks will connect Flix- 
borough with the works. The Castlecary Fireclay Com- 
pany, Ltd., Castlecary, have been acquired by General- 
Refractories, Ltd., of Sheffield. Fredk. Braby and Co., 
Ltd., galvanised sheet manufacturers, are to extend their 
Springburn Works at Glasgow. The Siamese State Rai'- 
way has placed an order for six locomotives with the 
North British Locomotive Company, Ltd., Glasgow. 
The Stirlingshire and Falkirk Water Board have placed 
an order with Stewarts and Lloyds, Ltd., Glasgow, for 
the supply of 36in., 30in., and 24in. cast iron or steel 
bitumen-lined pipes. The contract is valued £22,402. 
The Edinburgh Corporation has recommended the 
acceptance of the tender of Richardsons, Westgarth- 
Brown Boveri, Ltd., West Hartlepool, of £89,218, for a 
turbo-alternator for the Portobello power station at 
Edinburgh. A contract has been placed with Harland 
and Wolff, Ltd., Glasgow, for 1100 tons of castings for 
the sister ship to the “‘ Queen Mary.”” The English Steel 
Corporation Ltd., Sheffield, has received an order from 
Italy for the supply of forged steel high-pressure hydro- 
genation vessels. The order, which will take over a year to 
complete, is valued at more than £100,000. In view of the 
urgency of the contract the co-operation has been invited 
of Thos. Firth and John Brown Ltd. The Department 
of Overseas Trade announces that the following contracts 
are open for tender :—Argentine State Railways Adminis- 
tration: Supply of pulley blocks and sets, bottle jacks, 
and locomotive jacks (Buenos Aires, November 2lst) ; 
portable sets for electric arc welding (Buenos Aires, 
November 24th). South African Railways and Harbours 
Administration: Mild steel angles, channels, sections, 
and plates; flat, square, and round steel bars (South 
Africa, November 16th); rivets, bolts, nuts, set screws, 
and washers (South Africa, November 23rd). New Zealand 
Public Works Department : Supply and delivery c. and f. 
Wellington of machine tools (New Zealand, December Ist). 
South African Railways and Harbours Administration : 
Bridgework, including supply of two overhead footbridges 
and strengthening of existing bridges (Johannesburg, 
December 14th). Argentine State Oilfields Directorate ; 
Galvanised and black steel pipes, diameters from {in. to 
5in., and grade C steel pipes (2in. to 12in.) with couplings, 
bends, etc. (Buenos Aires, December Ist). 


Copper and Tin. 


The strength of the electrolytic copper market 
during the past week or two was not altogether expected. 
After the recent price advance and the announcement 


the market was inclined to anticipate a reaction ; but, 
instead, the upward movement continued even more 
rapidly than before the producers’ decision to enlarge 
their outputs. The demand has continued unchecked 
by the rise in prices, and in this country was probably 
never stronger. News from the United States indicates 
that industrial requirements there are steadily increasing, 
and on the Continent, although financial restrictions 
impose a check upon buying, consumption is obviously 
growing. In these conditions the market is taking the 
view that even after the recent advance in quotations the 
metal is not dear. The rise in the American domestic 
price of 10c. has done little to retard the flow of business, 
and already there is talk of another advance, although 
the producers are known to be averse to raising their 
prices. It is suggested that mines which were closed down 


of an increase in production at the beginning of last week | hig 


s are delivered f.o.t. Export quotations are 


A comprehensive list of the prices of materials mentioned below will be found on the next page. 


against this it is argued that the quotation would have to 
be maintained at over 10c. for some time to encourage 
the owners to resume operations. In the London standard 
market prices have moved in sympathy with the elec- 
trolytic quotations, and a large bull account has now been 
built up. Later on this may prove a source of weakness 
to the market, but so strong is the upward movement 
for the time being that probably a considerable amount of 
liquidation could be absorbed without much effect upon 
prices.... Although the future of the tin restriction 
scheme still appears to hang in the balance, a firm tone 
has developed in the market. To some extent this was 
the result of heavy buying from America. Apparently 
consumers in the United States had held off the market 
on the chance that the restriction scheme would break 
down, and the fact that although no agreement was 
reached negotiations are being continued, brought them 
into the market. The statistics at the end of October 
showed the visible supply as 13,327 tons, an increase of 
664 tons compared with the September figures. The 
carry over in the Straits Settlements rose to 3688 tons, 
and at Arnhem to 960 tons, from 2476 tons and 833 tons 
respectively at the end of September. The month’s 
supplies in October amounted to 9078 tons, and the 
deliveries to 8414 tons. 


Lead and Spelter. 


Normally the demand for lead products declines 
during the winter, and this movement is reflec in 
an easier tone in the market for the raw material. 
This year has proved an exception. There has been 
little seasonal decline in the needs of the market and 
prices have sharply advanced. There is still a shortage of 
prompt metal, and at the end of the month lead was taken 
out of warehouse to satisfy contracts. The statistical 
position appears to be excellent, and as production is 
understood to be effectively controlled by arrangements 
between the world’s producers there seems no reason why 
the existing conditions should not be prolonged for some 
time. No doubt a considerable proportion of the demand 
is arising from rearmament plans, but apart from that 
the quantities which are now being in the manu- 
facture of lead pipes and sheets, and cables, is well above 
the normal tonnage for this time of the year. A certain 
amount of speculation has developed and it is quite 
possible that at around current levels profit taking will 
administer a temporary check to the upward movement 
of prices. The market, however, is inning to think 
that the metal is fairly well valued at its present figure. 
Although the condition of the American market exerts 
no more than a sentimental influence upon the position 
here or on the Continent, the improvement in the United 
States has not passed without notice. The stocks of 
refined lead in America at the end of September were 
200,517 tons, compared with 218,233 tons at the end 
of August, the world’s production during September 
being 118,257 tons, against 120,059 tons in the previous 
month. These however, exclude any production 
in Italy or Spain during July, August, and September. 
.. The sympathetic influence of the advance in other 
markets has been chiefly responsible for the upward 
movement in the price of spelter. Following the easier 
tone last week as a result of speculative profit taking, 
there was a considerable amount of buying and a more 
cheerful feeling was noticeable than for some time. 
Compared with other non-ferrous metals, the quotation 
for spelter is low, and this naturally makes it attractive 
to speculators or those who regard the purchase of raw 
materials of this description as an investment. Belgian 
spelter continues to arrive in this country, and this at 
times has a tendency to depress the prompt price. 


Non-ferrous Metal Average Prices. 


The average prices for October of the principal 
metals dealt in on the London Metal Exchange show 
increases for the second month in succession. The activity 
in the copper market in October was reflected by an 
increase in the average for cash copper of £2 Is. 4d., 
compared with the September figure, whilst in the case 
of three months and electrolytic copper the increase 
was £2 0s. 5d. The average for wire bars was £2 0s. 3d. 
better, and for best selected £1 18s. lld. higher. The 
firmer conditions which ruled in the tin market resulted 
in a rise in the average price of cash tin of £6 9s. 8d. 
compared with September, and for three months metal of 
£6 16s. 10d. There was also a noticeable improvement 
in the lead market, which, throughout October, was 
particularly steady. The average quotation for lead for 
shipment during the current month was 8s. 9d. better 
than in September, and for shipment in the third following 
month 8s. ld. higher, the mean being 8s. 5d. above the 
September average. The October average for spelter for 
shipment in the current month showed an improve- 
ment of 12s. 1ld., the average for shipment in the third 
month following being 13s. 6d., and the mean 13s. 3d. 
igher than in September. The following are the official 
London Metal Exchange average quotations for October :— 





during the depression will be reopened if the price of 





ever, are specifying for very large tonnages of billets, 





electrolytic copper becomes sufficiently tempting; but 


SranpDARD Copper ... Cash (mean) ... £41 0 4} 
3 Months (mean) ... £41 3 10, 
Settlement oe SO Oe 
ELECTROLYTIC COPPER (mean) £45 10 67, 
Etectrotytic WIRE Baks .. £45 15 yy 
Brst SELECTED CoPprER (mean) ... ... £45 010 
Sranparp Tin... Cash (mean) ...... £201° 7 3; 
3 Months (mean) ... £199 2 O04 
Settlement --- £201 6 9% 
‘ For shipment the current month - £18 8 11y 
For shipment the third following 
LEaD Oe” ee ES ee AE ee 
Meet. ..:- .:- £18 8 23} 
NOE acs sia 2 ast see as as, Se rH 
For shipment the current month... £14 11 0# 
For shipment the third following 
SPELTER mont eda isis” oes: Seal, ieee, 3° ae Lane 
leant... £14 13 1032} 
Settlement £1411 14 





504 


THE “ENGINEER 





Nov. 6, 1936 








Current Prices for Metals and Fuels. 


Makers’ official home trade prices per ton, delivered buyers’ stations. 





British Steelmakers: joists, 22s. 6d.; plates and sections, 15s. 
tSouth Africa 5s. and Foreign Markets 2s. 6d. higher. 
PIG IRON. STEEL (continued). 
Home. Export. Scene: Export. 
a (D/d Teesside Ars) }LASGOW AND DisTRroT— £ sd. £8. d. 
N.E. Coast— : £ s. d. £s. d. Angles © (2st mere Vek Qalgog. 2 *8 0 0 
Hematite Mixed Nos.*.. 4 5 0.. 314 6 Reg toed absentee Sag ony grt ak 99 0 «0 
No. Ps se se ee SBE 315 0 Se area eo x *8 0 0 
Cleveland— (D/d Teesside Area) Channels... .. ae. one *g8 6 O 
No. 1 3.17 6 ral Rounds, 3in. and - 1050 Ons *9 0 0 
No. 3G.M.B.. 315 0.. aT oye Ander Sing) oot Ors 8 2 6 
No. 4 Forge .. .. 3.5 0... on Flats, 5in. and under .. 9 7 0. 8 2 6 
— ae rebate) . ee 2 at Plates, jin. (basis) .. 9 7 6. t8 5 0 
3 : a fein. .. al co a es +8 10 O 
Staffs.— (Delivered to Black Country Station) bi 
ri 5 - MR os sadn oT? Pte 8 15 0 
North Staffs. Foundry... 4 0 0.. _ “ 
= i) Ss pte BAB IF 2 id Un. & =P donk: 4 p 1 ; sf os . ; 
Basic (Less 5/— rebate)... 315 0.. us Boiler Plates... .. .. 917 6.. 8 17 6 
Northampton— 
Foundry No. 3 eos Be x's. er South Wares AREA-— £8. da. £ 3s. d. 
DME? “Soe estar ee — Angles 9 0 0... 8:0 8 
Derbyshire— Tees. . 10 0 0.. °9'' 0 
No.3 Foundry .. .. 40 0.. _— Joists rs 85728 5 ee eS bP er 
es a ou _* Channels. oe es DB it ee 3. 5 0 
i Rounds, Sin. and up 10 0 » *9 0 0 
Hematite, f.o.t.furnaces* 4 5 6 .. -- Flate a e 7 . one “ . . 
No. 1 Foundry, ditto .. 4 1 6.. — P ’ ( es 
No. 3 Foundry, ditto .. 319 0.. — Plates, jin. (basis) 910 0. t8 5 0 
Basic, d/d (Less 5/-rebate) 315 0 .. ee » ine .. .. .. 915 0. t8 10 0 
N.W. Coast— (4 5 6d/d Glasgow fe seri . : ; = ; 
Hematite Mixed Nos.* {411 0 ,, Sheffield "i , 
(4 17 0 Birmingham a. ee incl. Ww MdR)- ho Te 
od ” z 
© Lees Sf- vabats. IRELAND—F.0.Q. BELFAST. Rest oF IRELAND. 
A hoy es 2s. a. 
Angles 95 0. 9 7 6 
MANUFACTURED IRON. Meee sce nce, aa. ote Oe 10 7 6 
see Buseet. WOO iid int itcice i ele eee 915 0 
Lancs. aND YORKS.— £) ead. £ s..d. Channels.. .. .. .- 910 0. 912 6 
Crown Bars 10 10 0 10 0 0 Rounds, ain. and up BO) Sic’ Mri iB 
Best Bars 11 0 0.. 10 12 6 » wundersin. .. 6 5 0. 6). 6:0 
Miptanps— Plates, jin. (basis) .. 912 6. +915 0 
Crown Bars .. 1010 0. 10 0 0 » Yine.. .. .. 917 6. T10 0 0 
Marked Bars (Staffs.) ree ae 1210 0 - fin... .. -- 10 2 6. lo 5 0 
No. 3 quality @ i814. _— o fin. . 0.7.6. 710 10 O 
No. 4 quality sense af) Bre = Un. ¥ to fin. inel. 10 2 6. 10 5 0 
Scortanp— OTHER STEEL MATERIALS. 
Crown Bars 10 10 0 10 0 0 icine: Export. 
Best... 11 0 10 12 6 Sheets. £ s. d. £ s. d. 
N.E. Coast— 14-G. to 20-G., d/d a 16° 4. 10 5&5 0 
Common Bars OOS 10 0 0 21-G. to 24-G., d/d > eh ge eee 10 10 0 
Best Bars be eee aes 10 12 6 25-G. to 27-G., d/d 13 123.6 .. ll 5 0 
Double Best Bars 1110 0.. 1110 0 The above home trade sheet prices are for 4-ton lots and over ; 
NORTHERN IRELAND AND FREE STATE— 2-ton to 4-ton lots, 10s. per ton extra; and under 2-ton lots 
Crown Bars f.o0.q. .. eAh®: 831, 6. — 30s. per ton extra. 
ee an Galvanised Corrugated Sheets, Basis 24-G.— 
STEEL. Home. S ei. 
LoNDON AND THE SouTH— Home. Export. 4-ton lots and up 5f-.0, 9 
& aid. &. a. a. 2-ton to 4-ton lots .. wit Bid 
Migiie .otiiinvic Kc ® Bibs *8 0 0 Under 2 tons - 16 0 0 
Tees. . aa c” Vere Ow *9 0 0 Export: India, £12 7s. 6d. to £13 2s. 6d. c.i.t.; South 
Joists Peo". *8 0 0 Africa, £12 10s. 0d. f.o.b. plus 3 p.c. invoice value ; 
Channels. . . a a *8 5 0 Rhodesia, £12 17s. 6d. f.o.b.; Irish Free State, 
Rounds, 3in. and up wm 2 6. *79 0 0 £14 Os. Od. f.o.g.; General, £12 10s. Od. f.o.b. 
se under 3in. . oS. 8 2 6] Tin-plates. 
Flats ik ae ae 8 2 6 20 by 14 basis, f.o.b. Bristol Channel Ports, 18s. 9d. 
Plates, jin. ous 912 6. 48 5 0 Tin-plate Bars, d/d Welsh Works, £6 Os. Od. 
ot | into. 2 917 6. #8:10.,.0 | Baits. ‘slereger 
ee 191926. +815 0 Basic, (0-33% to0-41%C.) .. ..7 5 0 
ae ae 1076. #9 0 0 » Medium (0-42% to0-60%C.).. 715 0 
Un. % to fin. incl, 10 0 0.. 910 0 » Hard (0-61% to 0-85%C.) .. 8 5 0 
: o » (0-86% to 0-99% C.) 815 0 
Norru-East Coast— £: a. 4, £s. d. ih » (1% C. and up) bidiastan =. Y's shan 
Angles .- «. .. -- 9 © 0. 6-0 0 Soft (up to 0-25% C.), 500 tons and up 6 2 6 
Tees. is: Dili ichesirivie delay ihe igen Rails, Heavy, 500-ton lots, f.o.t. - 810 0 
Joists ee oe oe ee a a *8 0 0 - — f.0.t.. é io . 710 0 
CR ce se es ys ee *§ 5 0 
Rounds, 3in. and up mw. 8.8. *9 0 0 
ee under 3in. i 8 2 6 FERRO ALLOYS. 
Plates, jin: (basis) .. 9 7 6. +8 5 o | Tungsten Metal Powder. 3/14 per Ib. 
crags) p61) b> gg ogT, 48 10 0 | Ferro Tungsten 3/- per lb. 
Serie ge: Deron ol rage fag: #815 0 Peron, Sep Uae. 
ae ge hg e'@ : 9-0 0 Ferro Chrome, 4p.c.to 6p.c.carbon £2110 0 7/- 
in kbiced .. 6 2: 910 o| * ani apc. abt t iQ © a 
Boiler Plates, jin. ase ae ee 817 6 e wo | Gpatetepe eT ig > 
Specially Refined .. 
MIDLANDS, AND LEEDS AND DistRIcT— 9 Max. 2 p.c. carbon £33 10 0 11/- 
£ os. d. £ s. d. fi Es » lp.c.carbon £36 5 0 11/- 
DOGG 450 2s, 3s oe, Oe *8 0 0 . a » 0-50 p.c.carbon £37 5 0 12/- 
Tees. . ? - +. 10 00. *9 0 0 ea » carbon-free .. 94d. per Ib. 
Joists scp le a *8 0 0] Metallic Guaveuinien ’ .. 2/5 per lb. 
Channels. . 25 0. *8 5 01 Ferro Manganese (loose), 76} pec... £11 15 O home 
Rounds, 3in.andup .. 10 0 0. *9 0 0)  ,, Silicon, 45 p.c. to 50 p.c. £11 15 Oto£l2 5 0 
ss under 3in. 9 7 0. 8 2 6 seale 5/— p.u. 
Flats, 5in. and under 7-9. 8 2 6 x s 75 p.c. £16 17 6to£l7 7 6 
Plates, #in. (basis) 910 0. 78 5 O scale 6/— p.u. 
oe fein. .. é 915 0. 18 10 0 » Vanadium 12/8 per lb. 
= fin. .. ae, ue = 78 15 0 »  Molybdenum.. 4/6 per lb. 
= ee ae. Os 19:10 O » Titanium (carbon free) 9d. per Ib. 
Un. #% to }in. incl. or Oe OB 5 9 0 OQ] Nickel (per ton) £200 to £205 
Boiler Plates, jin. Oe BIS 0 817 6] Gabels = s.6 us! eae 6/— to 6/1 per Ib. 





Sections, joists and plates are subject to a rebate to home users purchasing only from associated 
*For Markets other than Canada, India, Australia and New Zealand, 5s. 


per ton 


NON-FERROUS METALS. 
Official Prices, November 4th, 


CoPpPpER— 

Cams sia £44 5 Oto £44 7 6 
Three months .. £44 1l 3to £44 12 6 
Electrolytic .. .e)©=©=— £48 :10 Oto £49 0 0 
Best Selected Ingots, d/d Bir- 

mingham ‘ £48 5 0 
Sheets, Hot Rolled £76 0 0 

Home. Export. 

Tubes, Solid Drawn (basis) . . 11}d. 11}d. 

»  Brazed (basis) 114d. ll$d. 

Brass— 

Ingots, 70/30, d/d Birmingham £34 0 Oto £36 0 0 
Home, Export. 
Tubes, Solid Drawn, 2/1 Alloy 10}d. 10$d. 
»  Brazed.. 12}d. 12$d. 

Tin— 

Cash .. c217 0 Oto £218 0 O 
Three months .. . £214 10 Oto £215 0 0 

Leap: Cash and forward £20 5 O 

SPELTER REV aes £16 5 Oto £16 lL 3 

Aluminium Ingots (British) . . £100 to £105 

FUELS. 
SCOTLAND. 

LANARKSHIRE— Export. 
(f.0.b. Grangemouth)— Navigation Unsereened 15/— to 15/6 
Hamilton Ell 16/- to 16/6 
Splints 19/- to 19/6 

AYRSHIRE— 

(f.0.b. Ports)—Steam 15/6 

FIFESHIRE— 

(f.0.b. Methil or Burntisland)—- 
Prime Steam .. ; 15/- 
Unscreened Nettestion 14/6 to 15/- 

LoTHIANS— 

(f.0.b. Leith)}—Hartley Prime 14/6 to 14/9 
Secondary Steam .. ee 14/- 
ENGLAND. 

YORKSHIRE, MANCHESTER— 

B.S.Y. Hard Steams 19/6 to 23/- 
Furnace Coke 19/— to 24/- 

NORTHUMBERLAND, NEWCASTLE— 

Blyth Best 16/- to 16/6 
» Second... , 15/6 to 15/9 
» Best Small.. 13/- 

Unscreened 14/6 to 15/6 

DurHamM— 

Best Gas.. ; 14/8 to 15/- 

Foundry Coke 24/6 to 26/6 

SHEFFIELD— Inland. 

Best Hand-picked Branch .. 27/6 to 29/6 - 

South Yorkshire Best .. . 24/- to 30/- _ 

Seconds .. . 21/- to 22/- — 

CarpirF— SOUTH WALES. 

Steam Coals : 

Best Admiralty Large .. 19/6 

Best Seconds SF 19/— to 19/44 

Best Dry Large 18/6 

Ordinaries .. 18/3 to 18/6 

Bunker Smalls 13/6 to 14/6 

Cargo Smalls .. 13/— to 13/6 

Dry Nuts 25/- to 27/- 

Foundry Coke 30/— to 47/6 

Furnace Coke 24/6 to 25/- 

Patent Fuel 22/- 

SwansEa— 

Anthracite Coals : 

Best Large .. . 36/— to 40/- 

Machine-made Cobbles.. 41/— to 48/6 

Nuts 40/— to 48/6 

Beans 25/- to 35/~ 

Peas bese? 19/— to 23/6 

Rubbly Culm.. 11/6 to 12/- 

Steam Coals: 
18/— to 20/6 


Large Ordinary 


FUEL OIL. 


Inland consumption ; contracts in bulk. 


Exclusive of Government tax of ld. per gallon. 


Ex Ocean Installation. 
Furnace Oil (0-950 aoe 
Diesel Ol «.. .. é 


must be added. 





Per Gallon. 
33d. 
4d. 
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French Engineering Notes. 


(from our own Correspondent in Paris.) 
The Forty Hours’ Week. 


THE putting into operation of the forty hours’ 
week for surface workers at the collieries and 38 h. 40 min. 
for miners underground, and the long-delayed publica- 
tion of the decree legalising the application of the short 
week to the metallurgical and metal-working trades 
three weeks hence, have fairly started an experiment 
which the Government is determined to carry through, 
despite general opposition to it by employers in all 
industries who make out a strong case to show that it 
is dangerous to the national economy unless the forty 
hours’ week is adopted internationally. One of the 
severest indictments is contained in a long statement 
by Monsieur Peyerimhoff, President of the Central 
Committee of Coalowners, who declares that the French 
collieries are conducted under the most difficult condi- 
tions of any and have now to be run with the fewest 
working hours. The depths and thinness of seams and 
the high proportion of slack place the collieries at a great 
disadvantage compared with those in adjoining countries, 
from which French coalowners have always claimed the 
fullest protection. Now that the cost of coal at the pit- 
head has, according to Monsieur Peyerimhoff, been 
increased 40 per cent. by the higher wages and social 
charges, the poorer collieries can only exist with the aid 
of subsidies which the Government has promised them, 
and the additional charge imposed by the short week 
will, it is said, prove disastrous to the whole industry. 
While this statement may be regarded by the Govern- 
ment as one in which the most is made of the complainant's 
difficulties, it nevertheless confirms what has been 
repeatedly said that the situation created by the social 
reforms is especially detrimental to those industries which 
can only exist with the aid of protection. In the metal- 
lurgical and metal working trades, the early application 
of the short week is viewed with no less apprehension. 
Nevertheless, the Government offers employers some 
tolerance in making up the forty hours, and also states 


British Patent Specifications. 





When an ¢ tion 18 ted from abroad the name and 
address of the communicator are pri in italics. 

When the abridgment is not illustrated the Specification is 
without drawings. 

Copies of Specifications 
Sale Branch, 25, South 
ls. each, 

The date first given is the date of application ; the second date, 
at the end of the abridgment, is the date of the acceptance of the 





may be obtained at the Patent Office, 
ypton-buildings, Chancery-lane, W.C.2, 








TRANSFORMERS AND CONVERTERS. 


453,569. April 9th, 1935.—ReeuLatiIne Transformers, J. T’. 
Shevlin, 15, South-street, London, E.C.2. é ‘ 

In this regulating transformer a gradual regulation of the 
output potential is obtained. It has a primary winding A and 
a secondary or regulating winding B, arranged round the iron 
core C. An inductive collector ring D, of copper, embraces the 
windings and is provided with openings to receive closed cores E 
of laminated iron. (Only two of the cores are shown in the 
drawing.) The copper ring is held by spindles F F, which are 


N°453,569 








GP 





| threaded to the same pitch as the regulating winding B, and are 


that “a certain number of derogations are allowed,” | 


which appears to provide a loophole for escape from 
particularly difficult situations. 


Shipbuilding. 


Shipbuilding prospects have been improved 


| 
| 
| 


by a statement of the tonnage to be constructed during | 


1937 in accordance with the naval programme, as well 
as by the announcement of a new four years’ programme 
initiated by Monsieur Henri Tasso, Minister of the 
Merchant Marine. Apart from a cruiser of the 7600-ton 
class, which brings the number of these ships up 
to seven, all the fifty-one vessels, totalling 47,000 tons, 
are of the small categories, the largest of them bein 
two torpedo boats of 1700 tons, four of 1000 tons 
of a new type, three submarines of 1500 tons, and 


| 
| 


z | 


| 
| 


four small ones, while the remainder consists of thirty | 


small scouts, four seaplane suppliers, and two fast motor 
torpedo boats. 
has prepared his four years’ programme to bring mer- 
cantile shipping up to date, for which purpose he will 
spend next year 120 million francs out of the public 


The Minister of the Merchant Marine | 


works relief fund on the construction of three big motor | 
cargo ships and two ships for the fruit-carrying trade with | 


the colonies. 
of a State-owned fleet of merchant ships. 
The Paris Exhibition. 

Underlying the disturbances produced by the 
economic revolution during the past few months there 
has been a continuity of effort on matters of national 
importance, except for strikes, and the temporary holding 
up of work on the International Exhibition has been 
followed by an accelerated activity that has dispelled 
the fear of its not being ready for the inauguration. 
Exhibitions are rarely complete on the opening day, 
but there is no reason to suppose that the Paris Exhibition 
will be unduly backward. The franc devaluation upset 
contracts and reduced credits allotted to the work which 
have had to be made good, and no sacrifice could be 
refused when the Exhibition is regarded as a means of 
helping the country out of its economic distress and, with 
the devaluation, introducing, it is hoped, a new era of 
international trade. At the same time, its coincidence 
with the Coronation in London is expected to be an 
important factor in the success of a manifestation that 
aims at promoting collaboration amongst all countries. 
Two weeks after the opening of the Exhibition there 
will be inaugurated, on May 15th, the annual Paris Fair, 
to which particular prominence is given this year on 
account of the influx of visitors to Paris, and here again 
the franc devaluation is held to enhance the value of this 
purely business show. 

Marc Seguin. 

Recently, the bronze statue of Mare Séguin, 
which had remained in the museum of the Arts et Métiers 
since it left the foundry fifty years ago, was removed to 
Tournon where it was erected at one end of the suspension 
bridge over the Rhéne, constructed by him in 1824. 
The French claim Mare Séguin to have been the inventor 
of the suspension bridge. On seeing a Fulton steamboat 
he equipped a boat with an engine and boiler imported 
from England and started a regular service between 
Lyons and Valence. The boiler failed to produce sufficient 
steam, and this defect turned his attention to the multi- 
tubular boiler, which he ultimately adapted to a locomotive 
on the Lyons-Saint-Etienne railway. Taking a lead from 
Stephenson he obtained a concession for that line which 
was opened in 1827. Stephenson completed the invention 
of the tubular boiler by utilising the exhaust steam for 
the blast. Mare Séguin also substituted rolled iron 
rails for the English cast iron rails and employed wooden 
sleepers. When the statue was sent on its way from 
Paris to Tournon, Monsieur Dautry, General Manager 
of the State Railways, declared that the tubular boiler 
was continuing its career more vigorously than ever, 


This is another step towards the creation | 





and he looked forward to expanding applications. 





mounted at their ends in excentric bushes GG. The spindles 
are geared together by means not shown. If the spindles are 
rotated, the inductive collector ring D moves along the regu- 
lating winding in the direction of the longitudinal axis thereof 
and excentrically thereto, so that the ring makes firm contact at 
any time with only one point of the surface of the regulating 
winding B and serves for collecting the current. The inner 
contact surface of the ring D can thus be said to roll over the 
surface of the regulating winding.—September 14th, 1936. 


MEASURING AND TESTING INSTRUMENTS. 


453,662. May 25th, 1935.—AppaRatus FOR DETERMINING 
THE MoisturE ConTeNT oF Susstances, C. L. Burdick, 
4, Eastern-road, London, N.22. 

This is an instrument for determining the moisture content 
of any material into which it can be thrust. It comprises a 
dial, on which the indications are given, and what might 
be described as a hollow spear to penetrate the material to be 


N°453,662 ; 









“se 


tested. Inside the spear there is a “ hygroscopic element ” A, 
the nature of which is not disclosed, that operates the pointer 
of the dial. Perforations are provided in the wall of the spear 
at the bottom and a connection with an air pump at the top. 
In this way the atmosphere within the material to be tested can 
be drawn past the hygroscopic element, and its water content 
determined.—September 16th, 1936. 


FURNACES. 


453,667. July 17th, 1935.—Am Sgatine Devices ror TRAVEL- 
tina Grates, A. E. Parker, Babcock House, Farringdon- 
street, London, E.C.4. 

This is a means of preventing the draught of air from escaping 
up the sides of a travelling grate forced draught stoker. It 
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see 











comprises a sealing plate A of cast iron, which lies on the return 
run B of the grate, and is connected with the stationary struc- 
ture of the stoker by means of the flexible plate C. It is 
suggested that this plate should be made of several thicknesses 
of copper.—September 16th, 1936. 





MACHINE TOOLS AND SHOP APPLIANCES, 


453,416. July 6th, 1936.—SqRaiGHTENING Wires aND Rops, 
D. Gilson and Co., Ltd., and A. F. J. Wright, Billet Works, 
Billet-road, Walthamstow, London, E.17. 

This straightener is designed to work in conjunction with a 
machine requiring exact short lengths of wire and to prevent the 
straightening dies from burnishing the wire during the 
momentary stop for cutting off. The dies A A revolve with the 
cage B and are set at a slight angle to feed the wire forward. 











They straighten the wire by being slightly staggered and feed 

the wire slightly faster than is required by the next process. The 

cage B is driven by the belt pulley C through the friction clutch D_ 
and can slide on the bars E. If the wire is prevented from feeding 

forward by, for instance, the gripper F at the moment of cutting 

off, the cage goes backwards towards the left until the two stops 

Gand H meet. The lever J then opens the clutch D and the 

spinner stops. On the wire being released by the gripper the 

cage is pushed forward and the straightener starts again.— 

September 10th, 1936. 


LIGHTING AND HEATING. 


N°453,781 


19th, 1935.— 

IMMERSION 
P. Wicks, Mole 
House, Esher, 


453,781. March 
ELECTRIC 
HEATERS, 
Bridge 
Surrey. 

This specification contains an 
extensive description of the 
construction of an_ electric 
immersion heater, but the most 
interesting part appears to be 
the mode of assembling the 
resistance element. It takes 
the form of a helix of iron wire 
having a rating of from 400 to 

600 watts. On to this helix 

there are threaded six pieces of 

porcelain tube. These are then 
folded up into a bunch, as 
shown in the cross-sectional 
drawing, around a central tube, 
through which a clamping bolt 
is threaded. The assembly is 
slipped into a steel tube about 

Zin. in diameter by Qin. long, 

and the current leads brought 

out, as shown.—September 18th, 

1936. 
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BUILDING. 


453,376. June 20th, 1935—PiLe Drivers, R. Dornfield, Ob. 
Beutau 30, and K. Haage, 8, Turmstrasse, both in Esslinge- 
nam-Neckar, Germany. 

This invention relates to pile drivers of the type constructed 
as piston engines and in which the engine cylinder itself is 
employed as the ram block or is connected to the ram block, 
while the piston-rod is secured in the cap fitted on the pile to 
be driven in. In pile drivers of this 
type it frequently happens that the 
piston-rod breaks off in spite of its 
large cross section, and usually 
directly at or above the place where 
it emerges from the cap. The inven- 
tors claim to have succeeded in 
obviating the mishap in question by 
substituting for the rigid fastening 
of the piston-rod in the cap a 
mounting providing the possibility 
of a relative movement of the rod 
and the cap in the axial direction. 
Referring to the drawing, the cap B 
is placed on the pile A and is guided 
in an axial direction in a carriage 
C, which in its turn is guided on 
the guideway D. The piston-rod 
E, above which the cylinder F 
serving as the ram slides up and 
down, is secured in the cap B. 
The falling ram or cylinder F 
strikes the cap B, and by this cap 
the blow is transmitted to the pile 
A. In order now that the piston- 
rod E may not be subject to exces- 
sive stress due to the rapid accelera- 
tion produced by the blow, it is not 
rigidly fastened in the cap B, but 
has room for play in an axial direc- 
tion. As shown, it is provided 
with a cross slot G, through 
which passes a driving wedge or 
the like H secured in the cap B. On the blow of the cylinder F 
on the cap B the piston is now not obliged to share immediately 
in the downward movement of the cap, but it can, so far as the 
cross slot allows it room for play relative to the member H, 
first remain behind, and is only carried along when the down- 
ward movement of the cap B has become substantially slower, 
or it can descend under the action of its own weight and of the 
pressure of the explosion.—September 10th, 1936. 
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METALLURGY. 


454,206. January 30th, 1936.—A MrrHop For PropDUCING 
Magnetic Powper, H. Vogt, Birkbuschstrasse 53, Berlin- 
Steglitz, Germany. 

This invention relates to the production of magnetic powder, 

more particularly for making high-frequency iron cores. It is 

an object of the invention to render possible the production 
of such powder from cheap and easily available initial material. 

Another object is to improve the electric properties of such 

powders. The method comprises intimately mixing small 

particles containing iron and a material adapted to increase the 
electrical resistance and hardness, containing silicon and/or 
aluminium, and heating this mixture in a reaction chamber 
under action of non-oxidising or reducing gases to a temperature 
sufficient to cause the silicon and/or aluminium substantially 
to alloy with the iron particles, but insufficient to cause syb- 





stantial sintering together of the iron particles. The silicon 
content in the initial mixture should preferably be more than 
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3 per cent. The initial iron material may be pure iron dis- 
integrated to sufficient fineness or preferably iron oxide which 
is reduced in the reaction chamber and simultaneously alloyed 
with the silicon. Various iron oxides may be used, such as 
red iron oxide, iron hydroxide—Fe(OH),—having proved to 
be particularly suitable for this process.—September 25th, 1936. 


WELDING. 


453,661. May 15th, 1935.—Wetpine TuBE SEams, G. Malaguti, 
39, Via Carlo Goldoni, Milano, Italy. 
The inventor claims to make a more thorough weld in the 
longitudinal seams of pipes than is possible by the usual systems 
of electrie welding. He employs two rollers A and B to supply 
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eurrent to the joint from the transformers C and D. The 
opposite poles of the circuits are provided by the rolls E and F. 
It is suggested that two separate currents pass across the joint 
being welded in opposite directions and result in a more perfect 
weld.—September 16th, 1936. 


MISCELLANEOUS. 


453,664. June 8th, 1935.—Hypro-exrractors, A. F. Tullis, 
Kilbowie Ironworks, Clydebank, Dumbartonshire. 
This is a safety device for hydro-extractors for preventing 
access to the “‘ basket,’’ while it is rotating. The cover of the 
basket A is connected with the rod B, the end of which, provided 
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with a roller, rides on the periphery of the toothed wheel C 

This wheel is driven by the belt D in synchronism with the 

basket. When the cover of the centrifuge is opened the rod B 

enters between the teeth of the wheel C and prevents rotation of 

the basket so long as the cover is open.—September 16th, 1936. 

453,676. December 10th, 1934.—Prres, A. Lutz, 1, Berlin- 
Friedenau, Germany. 

The inventor suggests that pipes for conveying fluids should 
be made of a web of paper wrapped round a mandrel and stuck 
together by a mineral adhesive. In the drawing the supply 
of paper is shown at A and the mandrel at B. The mandrel is 
carried by arms C pivoted at D, and is driven by a chain E. 
The whole arrangement is immersed in a bath F of adhesive 
heated by the burner G. Pressure is applied to the roll of pipe, 


N°453,676 ita 











as it is made, by the plate H. On completion, surplus adhesive 
is wiped off by the doctor J and the pipe swung over to the 
position K, where it is sprayed with cooling water. Solids, 
such as sulphur, resin, gypsum, cement, magnesia, lime, sand, 
kaolin, clay, soot, ground pumice stone, asbestos, slag wool, 
powdered asphalt, powdered coke, or the like may be admixed 
with the adhesive. Reinforcing materials may, be interleaved 
with the web, especially in the case of pipes of large diameter 
and /or great wall thickness.—September 10th, 1936. 








Txe INSTITUTION oF Naval ARCHITECTS.—It is announced 
by the Institution of Naval Architects that the following 
scholarships, which are tenable for three or four years, according 
to the length of the course at the University selected, will be 
offered for competition in 1937 :—Naval Architecture : Martell, 
£130 per annum; Trewent, £125 per annum; Denny, £75 
per annum. Marine Engineering: Parsons, £150 per annum ; 
Yarrow, £100 per annum; Denny, £75 per annum. The 
‘“‘ Denny ” Scholarships are tenable for four years at Glasgow 
University only, with apprenticeship of five years. They are 


for boys from public or secondary schools, and the subjects of 
the examination are non-technical (Matriculation standard). 
The age limit for the ‘‘ Denny ” Scholarships is under nineteen 
years, and for the other scholarships under twenty-three years. 
Full particulars may be obtained from the Secretary of the 
Institution of Naval 
London, W.C.2. 


Architects, 2, Adam-street, Adelphi, 


Forthcoming Engagements. 


Secretaries of Institutions, Societies, d&c., desirous of having 
notices of meetings inserted in this col » are requested to note 
that, in order to make sure of tts insertion, the ‘y infor 
should reach this office on, or before, the morning of the Monday 
of the week preceding the ting In all cases the TIME and 
PLACE at which the meeting is to be held should be clearly stated. 














To-pay. 

CHEMICAL ENGINEERING GRouP.—Royal Technical College, 
Glasgow. ‘‘ Acid Resisting Industrial Filters,” Dr. F. Singer 
and W. E. Speirs. 7.30 p.m. 

Inst. oF ELECTRICAL ENGINEERS : METER AND INSTRUMENT 
Section.—Savoy-place, Victoria Embankment, W.C.2. In- 
augural address of G. F. Shotter, Chairman of the Section. 
7 p.m. 

Inst. OF MECHANICAL ENGINEERS.—Storey’s-gate, S.W.1. 
Thomas Hawksley Lecture, ‘‘ The Spectroscope and the Atom,” 
Prof. A. Fowler. 6 p.m. 

Inst. OF PRoDUCTION ENGINEERS.—British Industries House, 
Marble Arch, W.1. ‘‘ Relationship Between Hardness, Machin- 
ability, and Resistance to Abrasion of Steels and Cast Iron,” 
Dr. G. Schlesinger. 7.30 p.m. 

Juntor Inst. or ENGINEERS.—39, Victoria-street, S.W.1. 
““Gas Engineering and its Application to Water Heating,” 
L. Friedman. 7.30 p.m. 

Norru-East Coast Inst. or ENGINEERS AND SHIPBUILDERS, 
—Literary and Philosophical Soc. Theatre, Newcastle-on-Tyne. 
“* Sir Charles Parsons and Steam,” Sir F. E. Smith. 7 p.m. 

Royat Inst.—21, Albemarle-street, W.1. ** Chemical 
Exploration of the Stratosphere.”’ 9 p.m. 

Satrurpay, Nov. 77TH. 

Inst. OF BRITISH FOUNDRYMEN.—Engineers’ Club, Albert- 
square, Manchester. ‘‘ Foundry Refractories,” W. J. Rees. 
4 p.m. 

Monpay, Nov. 97H. 

BRADFORD ENGINEERING Soc.—Bradford Technical College. 
** Developments in Boiler Design and Operation,” S. F. Benson. 
7.30 p.m. 

Inst. or Transport.—Inst. of Electrical Engineers, Victoria 
Embankment, W.C.2. ‘‘ Progress of the Southern Railway 


Electrification,” E.C. Cox. 5.30 p.m. 
Turespay, Nov. 10ru. 
ILLUMINATING ENGINEERING Soc.—Inst. of Mechanical 


“Factory Lighting and 


Engineers, Storey’s-gate, S.W.1. 
7 p.m. 


Accident Prevention,”’ E. W. Murry. 
Inst. oF AUTOMOBILE ENGINEERS: COVENTRY CENTRE. 
Geisha Café, Hertford-street, Coventry. ‘“‘A Background of 

Engineering Training,” J. Bedford. 7.30 p.m. 

Inst. oF Civi. ENGINEERS.—Great George-street, S.W.1. 
** Road Design and Road Safety,” F.C. Cook. 6 p.m. 

Inst. oF MaRINE ENGINEERS.—85, The Minories, E.C.2, 
‘** Air and Gas Compressors,’ J. Hendry. 6 p.m. 

Inst. OF Metats: Nortru-East Coast Loca Section. 
Electrical Engineering Lecture Theatre, Armstrong College, 
Neweastle-upon-Tyne. ‘* Spectrographic Analysis of Metals,” 
M. Milbourn. 7.30 p.m. 2 

Inst. oF Metats: Swansea Loca Secrion.—Y.M.C.A., 
Swansea. ‘“ Gases and Metals,” C. J. Smithells. 6.30 p.m. 

MANCHESTER GEOLOGICAL AND MINING Soc.—Visit to works 
of Pilkingtons’ Tile and Pottery Company, Ltd. 2.30 p.m. 

Royat Inst.—21, Albemarle-street, W.1. ‘* Astronomy, Some 
Recent Advances,” Sir James Jeans. 5.15 p.m. 

Soc. or CHemicaL INpDustTRY: Roaps anD BuILpING MATE- 
RIALS GrRovP.—Burlington House, Piccadilly, W.1. ‘‘ The 
Application of Aluminous Cement and its Influence on Concrete 
Construction,” A. V. Hussey. 8 p.m. 

WeEDNEsDAyY, Nov. lITH. 

Inst. oF AUTOMOBILE ENGINEERS.—Engineers’ Club, Albert- 
square, Manchester. ‘‘ Compression-ignition Engines,’ W. 
Vane Morland. 7 p.m. 

Inst. or Puysics.—Royal Inst., 21, Albemarle-street, W.1. 
** Physics and the Detection of Crime,’’ L. C. Nickolls. 8 p.m. 

TuHurspay, Nov. 12ru. 

British ScreNcE Guitp.—Goldsmiths’ Hall, Foster-lane. 
E.C.2._ Norman Lockyer Lecture, “* Science in Developments,” 
Rt. Hon. Lord Rutherford. 4.30 p.m. 

Inst. oF AUTOMOBILE ENGINEERS: BRISTOL CENTRE.— 
Merchant Venturers’ Technical College, Unity-street, Bristol. 
** Compression-ignition Engines,’ W. Vane Morland. 7 p.m. 

Inst. oF Crvit ENGINEERS: BIRMINGHAM AND DIsTRICT 
Assoc.—James Watt Memorjal Inst., York House, Great 
Charles-street, Birmingham. ‘“‘ Purification of Public Water 
Supplies,” R. C. Whitehead. 6 p.m. 

Inst. oF Furt.—Chemical Soc., Burlington House, Picca- 
dilly, W.1. ‘“‘ Applications of Practical Thermodynamics,”’ Dr. 
J.8. Clarke. 6 p.m. 

Inst. oF MARINE ENGINEERS : JUNIOR SEcTION.— Paddington 
Technical Inst. ‘ Electricity as an Illuminant,”’ E. H. Pen- 
warden and R. O. Ackerley. 8 p.m. 

Inst. of Metats: Lonpon Locar Srction.—Royal School 
of Mines, South Kensington, 8.W.7. ‘‘ Research in the Iron 
and Steel Industry,’’ W. H. Hatfield. 8 p.m. 

Royat AERONAUTICAL Soc.—Royal Soc. of Arts, 18, John- 
street, W.C.2. ‘The Part Played by Skin Friction in Aero- 
nauties,” Dr. F. W. Lanchester. 6.30 p.m. 

Frmay, Nov. 137H. 

Inst. or ELEcTRICAL ENGINEERS : METER AND INSTRUMENT 
Section.—Annual dinner at the Holborn Restaurant, W.C.1. 
6.45 p.m. 

Inst. oF Metats: SHEFFIELD LocaL SEction.—Non-ferrous 
Section of the Applied Science Department of the University, 
St. George’s-square, Sheffield. ‘*‘ Lead Mining in Derbyshire,” 
L. B. Williams. 7.30 p.m. 

Junior Inst. oF ENGINEERS.—39, Victoria-street, S.W.1. 
Annual general meeting. 7.30 p.m. 

Soc. or Cuemicat Inpustry.—Inst. of Civil Engineers, Great 
George-street, 8.W.1. Jubilee Memorial Lecture, “‘ Refractory 
Materials,” Dr. J. W. Mellor. 6 p.m. 

Monpay, Nov. l6rH. 

BrapDFrorD ENGINEERING Soc.—Bradford Technical College. 
Cinematograph film, ‘‘ Over a Century of Boiler-making.” 
7.30 p.m. 

Inst. o¥ ELECTRICAL ENGINEERS : SOUTH MIDLAND CENTRE. 
—James Watt Memorial Inst., Great Charles-street, Birming- 
ham. ‘“ The Effects of Impulse Voltages on Transformer Wind- 
ings,” T. E. Allibone, D. B. McKenzie, and F. R. Perry. 7 p.m. 
WIRELEss SECTION.— 


Inst. OF ELECTRICAL ENGINEERS : 
Victoria Embankment, W.C.2. Inaugural address of Dr. E. 
Mallett. 6 p.m. 


Inst. or Metats: ScorrisH Locar Section.—lInst. of Engi- 
neers and Shipbuilders in Scotland, 39, Elmbank-crescent, 





Glasgow. ‘‘ The Nickel Industry : Some Recollections,” W. R. 
Barelay. 7.30 p.m. 


Turspay, Nov. 17rH. 
British ELECTRICAL AND ALLIED MANUFACTURERS’ Assoo.— 
Annual Dinner, Grosvenor House, Park-lane, W. 1. 

Inst. oF AUTOMOBILE ENGINEERS.—George Hotel, Leeds. 
“A Background of Engineering Training,”’ J. Bedford. 7.30 p.m. 

Inst. or Crvi, ENGInEERS.—Great George-street, 8.W.1.— 
“Ship Canals Utilised for Drainage,” L. R. Wentholt. 

Inst. OF ENGINEERS AND SHIPBUILDERS IN SCOTLAND.—39, 
Elmbank-crescent, Glasgow, C.2. ‘‘ The Propulsion of Single- 
screw Vessels: Effect of Varying Revolutions and Diameter of 
Propeller,” Dr. G. 8, Baker. 7.30 p.m. 

Wepnespay, Novy. 18ru. 

Inst. or AUTOMOBILE ENGINEERS.—Metropole Hotel, Leeds. 
“‘ Compression-ignition Engines,’’ W. Vane Morland. 7.15 p.m. 

Inst. oF Civin ENGINEERS: StrupENtTs’ SectTion.—Great 
George-street, 8.W.1. Address, G. Wood. 

Sarurpay, Nov. 2lsr. 

Inst. oF Marine ENGINEERS.—Swansea meeting. 

Correct Utilisation of Coal,” H. L. Price. 6 p.m. 
Tvuespay, Nov. 247TH. 

Inst. oF AUTOMOBILE ENGINEERS.—James Watt Memorial 
Inst., Great Charles-street, Birmingham. ‘A Background of 
Engineering Training,” J. Bedford. 7.30 p.m. 

Inst. oF Exvecrrica ENGINEERS: ScorTrisH 
Grosvenor Restaurant, Gordon-street, Glasgow, C.2. 
dinner. 7 p.m. 

Inst. oF Enecrricat ENGINEERS: WIRELESS SECTION.~ 
Victoria Embankment, W.C.2. ‘‘ The Scope of the Armature in 
the Development of Radio Engineering.” Informal discussion 
6.30 p.m. 


* The 


CENTRE. 
Annual 


WEDNESDAY, Nov. 257TH. 

Inst. or Civin ENGINEERS.—-Great George-street, 8.W.1. 
“‘Methods of Providing Permanent Non-slip Surfaces for 
Roads,” informal discussion introduced by H. 8. Keep. 6 p.m. 

Inst. oF FuEL.—Chemical Soc., Burlington House, Piccadilly, 
W.1. ‘A Method of Measuring the Performance of the Loco- 
motive Boiler,” Dr, P. Lewis-Dale; ‘‘The Analysis of Flue 
Gases in the Locomotive Boiler by Electrical Conductivity 
Meters,”’ V. Binns and 8, Bairstow. 6 p.m. 

Inst. oF Metats: Lonpon Locat Sxrcrion.—Thames 
House, Millbank, 8S.W.1. Annual supper-dance. 7.30 p.m. 

Tuorspay, Nov. 26TH. 

Inst. or Crvit ENGINEERS: BIRMINGHAM AND DiIstTRIcT 
Assoc. AND Inst. oF StrucTURAL ENGINEERS.—James Watt 
Memorial Inst., York House, Great Charles-street, Birmingham. 
‘* Investigations for the Steel Structures Research Committee 
Carried Out at the University of Birmingham,” Prof. C. Batho. 
6 p.m. 

Inst. oF CIVIL 
Metropole, Leeds. 
Baker. 7.30 p.m. 


YorxKsuHireE Section.—Hotel 


ENGINEERS : x 
Engineering Practice,” J. 


** Mistakes in 


Fripay, Nov. 277TH. 

Inst. oF ELECTRICAL ENGINEERS : SoUTH MIDLAND CENTRE. 
~Grand Hotel, Birmingham. Annual Dinner. 7 p.m. 

Inst. oF MARINE ENGINEERS.—Grosvenor House, Park-lane, 
W. Annual conversazione. 7.30 p.m. 

Inst. oF MetTaits: Norra-East Coast LocaL SEcTION. 
(By invitation of the Newcastle Branch of the Society of 
Chemical Industry.) Chemical Lecture Theatre, Armstrong 
College, Newcastle-upon-Tyne. ‘ Refractories.”’ J. W. Mellor 
7.30 p.m. 

Tvurespay, Dec. Ist. 

Inst. or Civiz ENGINEERS.—Great George-street, S.W.1. 
“The Lower Zambesi Bridge,” F. W. A. Handman; “ The 
Construction of the Lower Zambesi Bridge,” G. E. Howorth. 
6 p.m. F 

Inst. OF ENGINEERS AND SHIPBUILDERS IN SCOTLAND.—-39 
Elmbank-crescent, Glasgow. ‘‘ Construction of Two Welded 
Oil Tankers,” E.R. Macmillan. 7.30 p.m. 





| WeEDNEspDAy, Dec. 97TH. 
| Instr. or Fuet.—Chemical Soc. Rooms, Burlington House. 
Piccadilly, W.1. ‘The History and Development of Mond 
Gas for Industrial Purposes " H. A. Humphrey. 
Tuurspay, Dec, lOrH. 
Inst. oF Crivit ENGINEERS: BIRMINGHAM AND DIsTRIct 
Assoc.—Annual dinner at Queen's Hotel, Birmingham. 








PERSONAL AND BUSINESS ANNOUNCEMENTS. 


Mr. W. Vincent Waite, M.I. Mech. E., A.M.[.E.E., M.LE.1., 
has resigned his position as commercial manager with Davy 
Brothers, Ltd., Sheffield, after being with the company for five 
years. 

Mr. Horace Terry SAatTrerFrorD, A.M.1. Mech. E., has been 
appointed by the Government of the Punjab as Superintending 
Workshop instructor at the Maclagan Engineering College, 
Moghalpura, Punjab, India. 

Tue Detoro SMELTING AND REFINING COMPANY, Ltd., 
announces the appointment as sales manager of its Stellite 
department at Birmingham of Mr. A. J. Brain, M.I.P.E.. 
formerly London manager of Burton, Griffiths and Co., Ltd. 

Epwarp G. Hersert, Ltd., Manchester, has appointed 
Mr. Alan Kiernan, A.M.I. Mech. E., to be works manager. 
Mr. J. O. Jones has been appointed to take over the territory 
previously covered by Mr. Kiernan. Mr. A. H. Evans has left 
the company’s employment. 

Mr. R. O. Wricut, manager of W. T. Henley’s Telegraph 
Company’s Gravesend Works since their establishment in 1906, 
retired from that position on October 23rd. He is sueceeded by 
Mr. E. E. Judge, who has been assistant works manager since 
June, 1919. Mr. Wright entered Henley’s service in February, 
1898, and was appointed assistant works manager to the late 
Mr. R. J. Hatton at North Woolwich Works. 

Mr. Lewis CuapMAn has resigned from the board of the 
Birmingham Small Arms Company, Ltd., owing to his whole 
time being required by the increased activity of the steel com- 
panies in the B.S.A. group. Mr. Chapman is managing director 
of William Jessop and Sons, Ltd., and J. J. Saville and Co., 
Ltd., both of which are controlled by B.S.A., Ltd., but have 
works in Sheffield away from the Birmingham and Coventry 
Works of B.S.A. 








Tue KincARDINE-ON-ForTH BripGe.—We are informed by 
Laurence Scott and Electromotors, Ltd., of Australia House, 
Strand, W.C.2, that they supplied the two 50 H.P. motors for 
driving the turning mechanism of the Kincardine-on-Forth 
Bridge, the Ward Leonard motor generator set, two 5 H.P. 
gate motors, one 25 H.P. motor for the pressure oil system 
which operates the locking bolts and wedges, and the emergency 
A.C. and D.C. generators which are driven by a Brush 160 B.H.P 





horizontal opposed-cylinder oil engine. 
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The Government and Bridges. 


In reply to questions in the House of Commons 
with regard to the policy of the Government in 
relation to the proposed road bridge over the river 
Forth, Mr. Hore-Belisha, the Minister of Transport, 
in a written answer, refers not only to the Forth 
Bridge scheme, but to the other large bridge schemes 
recently considered by the Government. He says 
that the Government has examined the case presented 
for new bridges over the estuaries of the Forth, the 
Severn, and the Humber. It feels bound, however, 
to give primary attention to the overriding importance 
of the national defence programme and the demands 
which that programme will progressively make upon 
the national resources. The Government has come 
to the conclusion that it would not be justified in 
embarking upon the execution of these public works 
at the present moment, but that decision will not 
exclude the reconsideration of the same projects at 
a later date. Meanwhile efforts are to be made to 
accelerate the reconsideration of the schemes promised, 
and the Tay Road Bridge (Local Authorities) Joint 
Committee has forwarded, to the Minister of Trans- 
port complete statistical and other information, 
showing that the building of a road bridge across the 
river Tay is amply justified both on traffic and 
economic grounds. 


The Iron and Steel Industry. 


THE annual dinner of the London Tron and Steel 
Exchange, which was held at the Dorchester Hotel 
on Tuesday evening, November 10th, was one of 
the most successful of recent years, and the attend- 
ance was fully representative of all sections of the 
industry. The chair was taken by Mr. C. Bruce 
Gardner, the chairman of the Management Com- 


mittee, and the principal guest of the evening 
was the Rt. Hon. Walter Runciman, President of 
the Board of Trade. The keynote of the speeches 


was the necessity of maintaining and developing 
our export trade. In proposing the toast of ** The 
London Iron and Steel Exchange,’ Mr. Runciman 
said that with revived home trade and the require- 
ments of our rearmament programme, there was a 
temptation to industrialists to fill their order books 
with home orders to the exclusion of the export 
trade, but that could become a short-sighted policy. 
He strongly commended the long view of maintaining 
and expanding our export trade. One of the principal 
objects of the British Iron and Steel Federation was 
to further export trade, and he looked to the industry 
to support the Federation. There must be no failure 
on our part to strengthen our trade connections 
overseas and to maintain our reputation for the 
quality of our products, the integrity of our manu- 
facturers and merchants, and last, but by no means 
least, the punctuality of deliveries. Mr. Bruce 
Gardner, responding to the toast, said that there 
never was a time when there was a greater necessity 
for co-operation between the steel makers, the British 
Iron and Steel Federation, and the members of the 
London Iron and Steel Exchange. In replying for 
* The Guests,” Mr. S. R. Beale referred to the work 
of the British Iron and Steel Federation, and said 
that he felt certain that the voluntary control it 
exercised would have the most successful results. 


The Thomas Hawksley Lecture. 


THE twenty-third Thomas Hawksley Lecture was 
delivered before the Institution of Mechanical Engi- 
neers on Friday evening of last week, November 6th. 
The lecturer was Professor Alfred Fowler, Emeritus 
Professor of Astrophysics at the Imperial College of 
Science, and his subject was ‘‘ The Spectroscope and 
the Atom.” In 1932 Lord Rutherford in a previous 
lecture of the same series described the experiments 
with atomic projectiles which had thrown light on the 
structure of atomic nuclei and which have led to the 
successful transmutation of numerous elements. 
Professor Fowler’s principal aim was to explain how 
the spectroscope has contributed to our knowledge 
concerning the systems of electrons surrounding the 
atomic nuclei. After briefly reviewing the funda- 
mental principles of spectroscopy the lecturer 
devoted much time to a description of the system 
of describing the relationships which occur between 
the positions of the lines in the spectra of different 
elements. Starting with Balmer’s discovery in 1885 
of an orderly rule governing the positions of the 
lines in the = spectrum of hydrogen he described 
the extension of the same idea to cover the spectra 
of increasingly complex character exhibited by 
elements of higher atomic weight. This discussion 
led up to a description of the developments which 
have occurred since Bohr in 1913 introduced his 
quantum theory of atomic spectra, a theory which 
for the first time shed light on the significance of 
series of lines in the spectra of the elements. The 
Bohr conception of the atom was later found to 
require elaboration in order to cover the finer details 
of spectra and as a result the ‘ vector model ”’ was 


electron are associated with angular momentum 
rather than with orbits. These developments of the 
theory of atomic structure were inspired by the 
results of spectroscopic research but the postulates 
to which they gave rise were arbitrary and violated 
the principles of classical mechanics. A new mecha- 
nics was required which would include the postulates 
within its compass. The requirement was found in 
the generalised system of quantum mechanics 
founded on Heisenberg’s matrix mechanics and on the 
wave mechanics of de Broglie and Schrédinger. In 
turn the new mechanics has reacted on the subject 
which gave it birth. Neither the orbital nor the 
vector model is now acceptable as a true picture of 
atomic structure. No equally picturable substitute 
can be given. In Professor Fowler’s words, all that 
can be presented is “a partial picture of a rather 
indefinite distribution of electricity ” in which it is 
impossible to locate the electron at any precise 
position. 


The Employment Figures. 


ACCORDING to a staiement issued by the Ministry 
of Labour on Monday evening, November 9th, it is 
estimated that at October 26th, 1936, the number of 
insured persons aged 16-64 in employment in Great 
Britain, exclusive of agricultural workers, was approxi- 
mately 11,103,000. This was 21,000 more than the 
revised figure for September 21st, 1936, and 599,000 
more than that for October 21st, 1935. There was an 
improvement in employment between September 21st 
and October 26th in coal-mining, engineering, ship- 
building, and metal goods manufacturing industries. 
On the other hand, there was a decline in the employ- 
ment in building and public works contracting, and the 
transport and distributive trades. At October 26th, 
1936, the numbers of unemployed persons on the 
registers of employment exchanges in Great Britain 
were 1,345,789 wholly unemployed, 193,429 tem- 
porarily stopped, and 72,592 normally in casual 
employment, making a total of 1,611,810. This was 
12,529 less than the number on the registers at 
September 21st, 1936, and 304,580 less than a year 
before. The total on October 26th, 1936, comprised 
1,268,849 men, 48,900 boys, 245,972 women, and 
48,089 girls. Speaking in the House of Commons on 
Monday, November 9th, Mr. Ernest Brown, the 
Minister of Labour, said that the improvement in 
employment had become progressive, and would, he 
thought, continue for some years. The range of 
depression was, he said, getting smaller, except. in 
South Wales, and Jarrow’s unemployment had been 
reduced from 7600 three years ago to 3897. The state 
of Tyneside was completely changed for the better. 


German Motor Roads. 


Some interesting particulars with regard to the 
design and construction of German motor roads were 
given in a lecture by Herr Schmoelder on Monday 
evening last at a special meeting at the Grand Hotel, 
Birmingham, arranged by the Cement and Concrete 
Association. Herr Schmoelder stated that during the 
next six or seven years it was planned to build some 
4500 miles of double-tracked concrete motor roads. 
Each of these roads would, he said, be free from level 
crossings or cross roads, and some idea of the accuracy 
of construction was given by the fact that the finished 
levels were required to be true within }in. in 13ft. 
All the roads crossing these new highways would be 
carried on steel or reinforced concrete bridges. 
The lecturer claimed that the improved riding 
qualities, and safety provided by concrete roads 
would prove advantageous to the motoring public, 
and that these new roads would tend not only to 
reduce accidents but would result in lessened petrol 
consumption and car maintenance. The work of 
construction would, Herr Schmoelder stated, give 
direct or indirect employment to about a quarter of 
a million men. He explained that the work of con- 
struction was financed partly by the savings in un- 
employment expenses brought about by the work, 
which amounted to 35 per cent. of the cost, and that 
additional taxes and revenues brought in 25 to 30 per 
cent. of the cost, leaving the actual expenditure 
incurred by the Government at 30 to 40 per cent. of 
the actual cost of the roads. In 1934 the amount of 
money invested in motor roads was £10,000,000, 
which the following year rose to £35,000,000, and up 
to the end of August this year had exceeded 
£54,000,000. An analysis of costs showed that about 
40 per cent. of the total cost was spent in earth- 
works, while 14 per cent. represented the cost of con- 
crete slabs, and about 7 per cent. the cost of adminis- 
tration. 


A Railway Staff College. 


THE London, Midland and Scottish Railway pro- 
poses to build a residential college at Derby for the 
training of its employees for executive positions. 
This college, which will be opened at the end of next 
year, will accommodate fifty members of the staff 
for periods of training from a fortnight upwards. 
The new centre is primarily for the training of 
employees in all branches of practical railway opera- 
tion, and will not encroach on the subjects already 
provided for at evening classes, technical schools, 
and universities. We are informed that no attempt 





introduced in which the quantum numbers of the 





is to be made to teach engineering subjects, as they 


are well covered by existing institutions and text- 


books. The lecturers will be practical men with pro- 
gressive ideas who hold responsible positions, and 
a panel of such suitable experts will be created and 
drawn upon as required. Those selected for the 
panel will be kept from their regular work only 
for short periods so that there may be a constant 
flow of practical ideas into and out of the college. 
The fundamental object is that the men shall be 
trained at a boarding staff college, so that they may 
do their work and have their recreation together, 
a practice which will tend to break down the depart- 
mental outlook which now exists. Employees of all 
ranks are eligible for the college. Suitable men will 
be selected by their district officers and before enter- 
ing the college will be interviewed by a board of the 
company’s senior executive officers. One of the 
objects of the new scheme is to prepare text-books 
incorporating all the best principles of transport 
work which have been tried with success by practical 
men. Hitherto in the railway industry there has been 
a considerable loss of valuable knowledge and experi- 
ence through its not having been recorded before men 
retired from the service. Derby has been selected 
for a site of the college because of the railway activities 
centred there, and its accessibility to all parts of the 
L.M.S. line. The existence in the city of various 
works and offices of the company will enable students 
to become acquainted with actual working by prac- 
tical demonstrations and experience at first hand of 
the difficulties which normally arise. The principal 
of the college will be a man with considerable experi- 
ence of organising technical instruction, and the vice- 
principal will be a district officer. The vice-principal 
will be changed at intervals, the office being one of the 
steps in the promotion of officers to higher ranks. 


The Defence Programme. 


On Tuesday evening, in the House of Commons, 
the debate on the Address and the Report of the 
Royal Commission on the Manufacture of and Trading 
in Arms, took the form of a general discussion on 
defence, which drew from Sir Thomas Inskip, Minister 
for the Co-ordination of Defence, a lengthy survey of 
the position. With regard to the Report, Sir Thomas 
said that it was already being examined by a body 
of men competent to do so. He was, however, 
of the opinion that the Report seemed to be based on 
conflicting evidence, particularly with regard to its 
suggestion that a Ministry of Supply should be formed. 
With regard to the Navy, Sir Thomas said that it 
must be recognised as the first line of defence, but the 
main purpose of the expansion of the Air Force was 
also defence, and it was therefore necessary that 
there should be collaboration between those two 
forces. In capacity, speed, and range our new types 
of aircraft were not inferior to any which existed 
abroad. Although nothing could restore to us the 
years that had passed, work was now in hand for the 
supply of aircraft, guns, searchlights, and other 
technical equipment for defence. At present the 
demands of the Government largely waited on the 


supply of, first, sufficiently skilled labour, and 
secondly, of machine tools, jigs, and gauges. He was 


satisfied that the training of men and apprentices was 
proceeding on an ascending curve. In his view any 
attempt to arrest the ordinary industries of the 
country in order to transfer key men for munition 
production would be wrong from every point of view 
at the present stage. 


The Navy and the Air Arm. 


In the debate on defence, referred to above, Sir 
Thomas Inskip stressed the importance of a supremely 
strong Navy, which, he said, was fundamental to our 
very existence. As far as the Navy was concerned, 
the Fleet Air Arm was indispensable. He had made 
a report on the personnel of the Fleet Air Arm and its 
reserves, and he expressed the hope that the recom- 
mendations made would be useful. Sir Samuel 
Hoare, the First Lord of the Admiralty, speaking 
later in the debate, said that the question of the Fleet 
Air Arm was very much in the minds of the Prime 
Minister and the Minister for Co-ordination of Defence, 
and perhaps in his own mind most of all. As to the 
controversy between bomb and battleship, the 
Admiralty did not worship big ships as such. [t was 
anxious to reduce the size of capital ships, and had 
done its best to make a general reduction possible. 
It was felt, however, that the risk of having ships 
substantially less strong than those of the other great 
naval Powers could not be run. The Committee of 
Imperial Defence held the view that of all warships 
battleships were the least vulnerable to air attacks, 
and took into account the fact that, while aeroplanes 
might be flown over the narrow seas, over four-fifths 
of the seas of the world they could not operate. That 
being so, the Committee, convinced by the evidence 
it received, recommended the retention of the battle- 
ship in our naval programme. It was incorrect to 
say that the Admiralty gave orders for new battle- 
ships before the Committee reported. It was also 
incorrect to say that the Admiralty was reluctantly 
driven into the inquiry. On the contrary, it weleomed 
inquiry and the chance of getting a decision by an 
expert body. The greater part of the Committee’s 
report, in fact the whole of the conclusions, was 








agreed by the air and naval staffs. 
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practice in a forthcoming British Standard Speci- 
° fication. 
i he Art of Gear Desi n The advantages attaching to the use of the involute 
5 helicoid may be summarised as follows :—(a) It is 
: identical in geometrical properties with helical gears 
By H. E. MERRITT, DSc. and may be produced by the same methods, or 
No. XVIII simple extensions of them; (6) it lends itself to 
ae ’ convenient and accurate measurement of profile ; 
(Continued from page 482, November 6th.) (c) a hob of this form shares the advantages attach- 
ing to the worm; (d) it provides, almost auto- 
: ° : sstetieg 1) Li matically, the variation of slope and curvature of 
Worm Gears: Toor Contact. hardening distortion became necessary. Thread |' 1g be lp 4 a ages a lage AV fing! 
milling and thread grinding are similar in that in both 7 rons Tyger qay | riot ypccaregre f dagen 
NI\HE detail design of worm gears is in many] cases the tool rotates instead of being fixed; the | °f tooth contact over a wide range of lead angle ; 
. and (e) it facilitates analysis of the conditions of 


respects more intricate than that of most other 
types of gear, is less generally understood, and is in 
consequence more controversial. Differences of 
opinion arising from incomplete data are accentuated 
by the fact that the production of worm gears involves 
a number of problems which have been dealt with by 
specialist manufacturers along individual lines. 

A worm of the helical or parallel type (and this is 
the only type here considered) is produced as a screw, 
having some arbitrarily selected form of thread, and 
the mating worm wheel is “ copy-generated ” by 
means of a hob which corresponds in form and motion 
to the worm. In the absence of a mutually conjugate 
member, such as the basic rack of spur and helical 
gears, there is no particular form of thread having the 
outstanding advantages which led to the choice of 
involute profiles for spur gears. The scope for indi- 
vidual opinion and practice in devising special worm 
thread forms and means for producing them is in 
consequence wider. On the other hand, equipment 
and methods which lend themselves to one particular 
form may not be equally applicable to another, and 
this, coupled with the high capital cost of worm wheel 
hobs and their limited application apart from the 







Pitch Cylinder 
of Wormwheel 





Pitch Surface 
Generator 





fp 














VIEW IN DIRECTION 
OF ARROW “'X”" 


Tue ENGINEER 





Pitch Plane 
of Worm 


problem which then arises is the determination of 
the profile of the cutter or abrasive wheel which will 
generate a given thread profile. If the lead angle of 
the threads is small, the profile of the symmetrical 
rotary cutter which will generate a_ straight-sided 
axial section of worm thread is itself practically 
straight-sided, but as the lead angle increases the 
cutter profile must be made increasingly convex. 
Different designs of worm, even although they may 
have the same axial section and the same normal 
pitch, therefore require their own particular cutters, 
and if profile ground, the form of the abrasive wheel 
must be appropriately modified. Although this 
difficulty may be overcome in practice by skill and 
equipment, it is better to be able to avoid it. 

One method of doing this is to derive the worm 
thread profile from rotary cutters and abrasive 
wheels having a trapezoidal profile ; the proportions 
of the worm threads are then based on the normal 
instead of the axial section. If the cutter profile is 
straight-sided on the normal section, however, the 
worm thread is convex on both the axial and normal 
sections, and the convenience of having a straight 
line as the basis of the form of the cutter introduces 
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jobs for which they are initially designed, limits the 
freedom of the designer. 

Much theorising has been done in regard to the 
influence of detail design on worm gear performance, 
but while it is true that no other form of gear in 
common use is so susceptible to lack of care or under- 
standing in detail design, the relative influence of 
design, quality of material and treatment, accuracy 
of manufacture, and the conditions of mounting and 
lubrication is, generally speaking, not yet fully appre- 
ciated. Undue emphasis on purely technical features 
of particular forms of worm gear can therefore be 
misleading, and comparisons between one form and 
another can be made only after due weight has been 
given to the equally important considerations of 
material, manufacture, and mounting. In studying 
detail design, therefore, these reservations must con- 
stantly be borne in mind. 

Worm Thread Forms.—The earlier applications of 
worm gears were mostly to drives requiring large 
ratios of reduction; high performance was not 
expected, and the designers were seldom disappointed. 
Worm threads did not require to be hardened, and 
could therefore be chased on a lathe; a straight- 
sided axial section was in such cases the most con- 
venient. In consequence, a form of worm thread 
corresponding to the rack of an involute spur gear 
system, and having the then usual proportions and 
a pressure angle of 144 deg. or 15 deg. came into 
common use. 

The convenience of worm drive from the points 
of view of shaft location, mounting, and range of gear 
ratio led to its more extended use ; multiple-threaded 
worms of higher efficiency became more common, and 
the need for greater load-carrying capacity and easier 
production became felt. Worm threads, instead of 


being cut in a lathe, were milled, and, the advan- 
tages of hardened thread surfaces having been dis- 
a profile-grinding 


covered, operation to correct 





complications when the worm thread itself has to 
be measured. Accuracy of measurement being essen- 
tial to accuracy of manufacture, the use of a worm 
thread profile which is derived from that of the 
cutter and cannot be directly specified and measured 
cannot be regarded as satisfactory beyond the range 
of lead angle within which the difference between 
thread and cutter profile can be neglected. 

Another system which has been used is to specify 
that the profile of the worm threads shall be straight- 
sided on a plane section inclined to the axis, and 
usually perpendicular to the helical centre line of a 
thread or space. Otherwise expressed, the surface 
of the thread is swept out by a straight line moving 
in a helical path, the straight line being offset from, 
and inclined to, the axis. The result is that the worm 
thread contains a straight line which lends itself to 
measurement, but the profile of the cutter and 
abrasive wheel is not a straight line, and must be 
derived either by laborious calculation or by a 
mechanical generating process. 

The foregoing may be summarised by saying that 
if for ease of measurement a form of worm-thread 
surface which contains a straight line is adopted, a 
rotary generating cutter or abrasive wheel which will 
produce it will not, in general, contain a straight line. 
Whether this is or is not a disadvantage is a matter 
of individual opinion, and will be controlled by such 
particular equipment and methods as may be in use. 
An exception to this general statement is, however, 
provided by the use of the involute helicoid as a 
worm thread form; since, as shown in previous 
articles in this series, the involute helicoid not only 
contains a straight line, but can be generated by 
means of a cutter or abrasive wheel which sweeps 
out the surface of a straight-sided basic rack. The 
use of such a worm thread form has for many years 
been associated with the name of David Brown and 
Sons, Ltd., and will be advanced as recommended 


tooth contact and the solution of all the geometrical 

problems which may arise in connection with the 

form of the worm and the generating cutter. 
PrincipLEsS OF WorRM GEAR ConrTaAct. 

The conditions of engagement between a worm and a 
worm wheel provide a subject which can be pursued 
academically to almost interminable length. Forevery- 
day design purposes, however, a detailed analysis of 
every case which arises is impracticable, and an exhaus- 
tive dissertation is more likely to obscure than to clarify 
the issue. It is therefore proposed to give here, first, 
a brief statement of guiding principles, followed by 
a full description of a method of design, based on the 
involute helicoid, which effects a satisfactory com- 
promise between the various factors which require 
consideration. It should be mentioned that this 
system has been so fully analysed during its develop- 
ment, and checked by experimental and_ service 
results, that the performance of gears based upon it 
can be predicted (the complementary factors of 
material, accuracy, mounting, and lubrication being 
assured) within fairly close limits. This is not to say 
that in special cases, of such particular importance 
that they justify close individual study, improved 
performance in one or other respects may not be 
possible by some modification in design (which will, 
|} in turn, call for special production methods). Undue 
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Fic, 115—LONGITUDINAL SECTIONS OF HELICAL 


WoRM 


emphasis on such cases at the expense of normal design 
practice would merely provide a further example of 
the best being the enemy of the good. 

Pitch Surfaces of Worm Gears.—The apparent 
motion of the threads of a rotating helical worm is 
in the axial direction ; that is to say, on any longi- 
tudinal section the thread profiles advance uniformly 
with rotation of the worm. The motion of a worm 
wheel in mesh with a worm would therefore be the 
same whether the worm were rotated uniformly or 
were given an axial motion, without rotation, with 
an advance equal to the lead of the threads in place 
of one revolution. When therefore the axes of the 
worm and worm wheel are at right angles (which is 
usually the case) the relative apparent motion of the 
surfaces is analogous to the case of a rack and pinion, 
the worm corresponding to the rack. The wheel 
therefore has a pitch cylinder and the worm a pitch 
plane. 

Fig. 114, which illustrates this, shows a single-start 
worm having an axis OO in engagement with a 
worm wheel rotating about an axis QQ. In the view 
along the axis of the worm the teeth of the worm wheel 
are indicated in cross section, but are omitted from 
the principal view for the sake of clearness. 

In the view along Q Q a section of the threads of 
the worm in the central or axial plane has been taken ; 
the thread profiles are symmetrical, and may be 
regarded as those of a rack. Consequently, there will 
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be a pitch point P such that the pitch circle of the 
worm wheel which passes through it will have a 
diameter determined by the number of teeth in the 
worm wheel and the axial pitch of the worm threads. 
Now on any other section parallel to the central 
plane, the profiles of the worm threads, although 
unsymmetrical, will still have the same axial pitch, 
and consequently the pitch circle of the worm wheel 
on any such section will have the same diameter as 
before. Taking all such sections together, the pitch 
surface of the wheel is seen to be a cylinder, and all 
the pitch points taken together constitute the pitch 
surface generator P,’ P,’. Similarly, the pitch lines 
of the rack profiles on the various sections constitute 
a plane, the pitch plane of the worm, indicated by 
P: P2 Ps Py in the oblique view. 

In this view the pitch plane is shown shaded and 
the surfaces of the threads A, A, A, projecting 
above it. They intersect the pitch plane along lines 
a,4, and a,a, and these are actually the ‘ tooth 
spirals’ of the teeth of the worm wheel. The area 
of the worm threads above the pitch plane acts as 
addendum, and such part of the remainder as comes 
into action represents dedendum. It will be realised 
from the oblique view with the aid of a little imagina- 
tion to supplement the static nature of the illustra- 
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tion, that as the worm rotates the surface of the worm 
threads projecting above the pitch plane does not 
change in form, but merely moves along with the 
pitch plane, which, in turn, rolls with the pitch 
cylinder of the worm wheel about the pitch surface 
generator P, P,. 

From what has been said in previous articles about 
tooth contact, it will be apparent that at any point of 
contact between the worm threads and the teeth of 
the worm wheel, the common normal to the surfaces 
must pass through the pitch surface generator P, P,. 

Thread Profiles and Paths of Contact on Longi- 
tudinal Sections.—Fewer unsatisfactory designs of 
worm gear would have been produced in the past if 
the way in which the slope of a worm thread changes 
on offset longitudinal sections had been realised. By 
way of illustration of this, Fig. 115 shows a series of 
sections of the surface of a worm thread having a 
straight-sided axial section and an axial pressure 
angle of 144 deg., combined with a high lead angle. 
It is immediately apparent that as the section 
moves from aa, on the entering side of the thread, 
to ee on the leaving side, the mean inclination of 
the longitudinal sections a, a, to e, e¢, changes rapidly, 
commencing with its maximum value and diminish- 
ing until, before it has passed out of the region of 
contact, the slope is actually negative. 

For each of these sections, a path of contact can be 
obtained by applying the principles previously given 
(Part VI), and these are shown passing through the 
respective pitch points P, to P, inclusive. They 
change their inclination in conformity with the 





observed that by the time section dd is reached, the 
slope is so small that undercutting of the teeth of the 
worm wheel will occur. In section ee only a path of 
retrogressive edge contact by the tip e, is possible, 
and this results in undercutting in an accentuated 
form. 

The first condition to be observed in selecting a 
worm thread profile, therefore, is that the slope and 
curvature on all longitudinal sections within the 
limits of the rim section of the worm wheel shall suffice 
to avoid retrogressive contact or undercutting. 
Provided that negative slope of the thread profile 
within the worm wheel rim section is avoided, con- 
vexity of the worm thread is an advantage in that it 
gives curved paths of contact on longitudinal sections 
and reduces the tendency, if any, to undercutting. 
In this connection it may be noted that the involute 
helocoid is nowhere concave, and the convexity of 
longitudinal sections increases as the lead angle 
increases, When applied according to the system 
described later, the determination of paths of contact 
as a check on undercutting is unnecessary. Should 
this be required for other reasons, the method given 
below avoids longitudinal sections, which, although 
described with a view to presenting a picture of the 
nature of the thread form and tooth contact, forms an 


profile of the thread at the point a, has the same slope 
as an involute helicoid of base radius OI and the 
same lead. 

The Zone and Lines of Contact.—The foregoing 
leads directly to a comparatively simple and accurate 
method for determining the position and length of 
the lines of contact between a worm and worm wheel 
at any instant, and the zone of contact swept out by 
the lines of contact during their motion. In the form 
best suited to normal requirements, the method con- 
sists in part of calculation, together with the graphical 
measurement and projection. In the case of involute 
helicoid worms, it is further simplified. 

It consists essentially in determining the inter- 
sections of the zone of contact with a series of cylin- 
drical sections coaxial with the worm, instead of the 
more obvious but less convenient longitudinal 
sections. Fig. 117 illustrates the procedure for one 
section only, namely, that containing the outside 
diameter of the worm. This, while illustrating the 
principle, also serves for the determination of one 
boundary of the zone of contact. 


of Fig. 116. Consider the circle containing the outside 
diameter of radius r. From the extremity of the 
transverse section at a,, the normal a,I, may be 
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inconvenient and laborious starting point for contact 
analysis. 

The Contour of Zero Pressure Angle: Transverse 
Section.—Fig. 116 shows a portion of a worm thread, 
a,a, being an axial section and a,a, a transverse 
section. If the lead of the thread is L and the radius 
of a circle containing the point a, isr, the lead angle 4 
can be found from tan A=L/27r. A normal a; I 
to the profile at the corresponding point a, will then 
be inclined at an angle equivalent to a transverse 
pressure angle, i.e., the angle 1Oa, will be equal 
to %, where tan }=tan bq cot A (Part VI). If the 
profile on the transverse section be rotated bodily 
around O through this angle, taking up the position 
b, a, a tangent at b, will be vertical and 6, is a point 
of zero pressure angle. Treating points at different 
radii in the same manner, a line b, 6, is obtained, 
and this is the contour of zero pressure angle. Pro- 
vided that this line lies outside the section of the 
worm wheel teeth, beyond the pitch line P P, unsatis- 
factory tooth contact during approach will be 
avoided. If the rim section at its intersection with 
the pitch line subtends an angle 26 at the centre 
of the worm, the minimum axial pressure angle of 
the worm thread at the tip to avoid negative pres- 
sure angle will be given by 


tan 6 


2nr 


In practice it is better to use in place of 0 the maxi- 
mum semi-subtended angle 6’. The circle to which 
the normal a,I is a tangent may be regarded as a 


tan ~a=tan 6 tan A= 





change in slope of the thread profile, and it will be 





“base circle” for the point a;. In other words, the 
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drawn after the transverse pressure angle has been 
calculated from 
2nrtan ve 

L 
and the corresponding base diameter r, will be equal 
to r cos qi. 

Now at the point a, there will be, as already men- 
tioned, a tangential involute helicoid of the same lead, 
and it will have a base lead angle 4, which:can be 
calculated from 

tan A=L/2 xr 
tan ),=tan Yq cos A 
COS A,=COS A COS Up. 

Consider now a point a, at which the normal a, I, 
is vertical with respect to the pitch plane P, P,. 
The true position of the normal to the surface as 
seen in the view perpendicular to the axis OO is 
shown as the line c, PI,’; it has been drawn passing 
through the pitch surface generator, since this is the 
condition for contact to occur at a,. By projecting 
the point a, on to the normal at ¢,, the actual point of 
contact in the longitudinal plane a, I, is found, and it 
may then be projected on to the plan to give the point 
e, on the boundary of the zone of contact. 

Now, at a point a, the normal will occupy a position 
a, b, and, by analogy with the case of point a,, the 
axial distance of the point e, on the boundary of the 
zone will be equal to P d,, where ¢, is a point on the 
normal I, ’P and c,d, is equal to a,h,. Hence p, ey 
may be calculated from 

Pz €g= Ay b, cot d,. 


tan y= 





and all the remaining points e;, e,, &c., may be found 
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in the same way. By projecting back on to the 
elevation, the loop Pf; f/,, which represents the 
elevation of the boundary of the zone, is obtained. 
The whole process takes much longer to describe than 
to carry out. 

The boundary of the zone of contact on the approach 
side is determined by the profile of the rim section of 
the worm wheel. Fig. 118 shows the process illus- 
trated in Fig. 117 carried a stage further by the con- 
struction of cylindrical sections 1, 2, and 3 of the zone 
of contact in the manner already described. If a 
longitudinal section such as A A is taken, the inter- 
sections ¢,, C,, and c, with the respective cylindrical 
contours may be projected on to the view on O O to 
give corresponding points 6,, 6,, and b, on the longi- 
tudinal path of contact. Where this intersects the 
periphery of the worm wheel at 6, fixes the extremity 
of the path of contact, and, by projection, the 
boundary point c, of the zone on this section. 

The line of contact corresponding to any given 
axial position of a worm thread can now be ascer- 
tained. Since the line of contact is the intersection of 
the thread surface with the zone of contact, and a 
cylindrical section of a thread is a helix, all that is 
necessary is to superpose helices corresponding to the 
cylindrical sections 1, 2, 3, &c., upon the similarly 
numbered zone contours. Intersections of similarly 
numbered curves give points on the line of contact ; 
thus, considering the cylindrical sections 1 and 2, 
points d,, d,’, d,, and d,’ are points on the line of con- 
tact. These have been projected on to the end view 
‘to give the line of contact e,—e,’. Repeating the 
process for axial advances of the worm in multiples 
of a pitch enables all the lines of contact at any 
instant to be found. 

The fact that the mvolute helicoid has a constant 
base diameter greatly simplifies the construction 
described in the foregoing, and renders superposing 
of the thread helices unnecessary. Thus let the 
transverse involute be drawn, for convenience, to 





intersect the centre P of the pitch surface generator 
in Fig. 118(B). Ona vertical section a, b, I, tangential 
to the base cylinder, the thread section projected on 
the axial plane will be a,’, c,’ a,’ lying in the central 
plane. Hence contact will occur. at a point c,’, or ¢, 
in the end view, and this point will divide the inter- 
cept a, b, between the transverse profile and the pitch 
surface generator in the ratio of sin?4,:1. Other 
points, such as c, and ¢;, can be found by similarly sub- 
dividing the intercepts a,b, and a,b, in the same 
ratio. The resulting points c,, c., and ¢, lie on a line 
of contact. The axial distance of any such point as c, 
from the pitch surface generator will be that indicated 
by the dimension 2, where 
x=d, b, sin i, Cos 2, 
dy b, sin 2 d,. 
2 

Further, if the adjacent thread section be drawn 
at a distance pq from a,’ b,’, the corresponding point 
of contact will be d, or d,’ and the distance c, d, will 
be equal to pasin A, cos A,=(pasin24,)/2. By 
setting off this distance along the normals a, },, 
a, by, &c., from the points of contact c, cy, the adjacent 
line of contact d, d, is immediately found, and in the 
other direction a further line of contact is similarly 
determined. The zone of contact itself is a ruled 
surface composed of the lines a, d,, dg d,, &c. 

Although at first sight the description of the con- 
struction of the zone of contact appears very involved, 
the case of the involute helicoid worm can be dealt 
with, once familiarity with the process has been 
gained by a little practice, in about twenty minutes, 
and the degree of accuracy obtained by careful 
drawing is good enough for all practical purposes. If 
desired, the zone and lines of contact can be obtained 
entirely by calculation based on the geometrical 
construction. 

(To be continued.) 








Hollow Glass Blocks 


as Building Material. 


————_>—____— 


HE use of hollow glass blocks as a substitute for 

masonry work has recently been demonstrated on 
a large scale by the Owens-Illinois Glass Company, 
which employed such blocks for the external and 
interior walls of the structure, illustrated herewith 
and on page 520, erected by it at Toledo,. Ohio, to 
accommodate a group of five laboratories forming its 
packaging research division. Since then there has 
been a steadily increasing demand for similar blocks 
for many different architectural applications. 

There is nothing new in solid glass blocks for build- 
ing purposes, but weight and cost made their exten- 
sive use prohibitive. The hollow glass block now 
marketed was evolved only after mastering several 
difficulties of major proportions. The glass used had to 
be of a kind that would have a low coefficient of expan- 
sion; the walls of the block had to be of uniform thick- 
ness ; the enclosed chamber had to be air-tight ; the 
block, as a whole, had to be strong enough to meet the 
accepted specifications for competing materials ; the 
contact surfaces had to be such as would assure 
effective bonding with the mortar used in laying ; 
and, finally, the shape and weight had to make 
handling by the mason comparatively easy. In 
addition, cost had to be low enough, with due regard 
to the distinctive merits of the product, to justify the 
choice of the new structural material. The block first 
devised by the company took the form of a rect- 


angular flask with one end initially open. The open}, 





end was finally closed with a plate of glass, which was 
heated and united by pressure to the edges of the 
block. Apart from production difficulties, the closure 
of the chamber was not uniformly perfect. In 
particular moist air was able to enter the cavity and 
to cause condensation and clouding whenever the 
glass was chilled. The clouding reduced the amount 
of daylight transmitted, and was otherwise objection- 
able. Further, the bonding surfaces of the blocks 
afforded an insufficient grip for the mortar, and 
moisture could get through to the rear of the 
wall. 

The improved block is composed of two longi- 
tudinal half sections fused together by dipping 
their edges in a bath of molten aluminium alloy 
to heat them and then united under pressure. 
The high temperature of the air imprisoned within 
the block, at the time of sealing, ensures that when 
cooled it is under a partial vacuum and quite dry. 
Hence each chamber acts as an insulator against 
heat transfer. To give the blocks a satisfactory 
bonding surface for the adhesion of the mortar the 
contact surfaces receive an enamel coating imme- 
diately following the removal of the blocks from the 
annealing furnace. Later, a second film of enamel 
is applied—one capable of resisting water, acids, and 
alkali—and before it hardens white sand is blown 
on to it to provide a grip for the mortar. The 


blocks are made of water-clear glass and are so ribbed 





or patterned, externally and internally, that they are 
translucent, but not transparent. Single blocks under 
test have sustained, without damage, a pressure of as 
much as 72,500 Ib. 

The physical characteristics of the blocks were 
determined at Purdue University before the labora- 
tory building was erected. The tests showed that the 
blocks would transmit only 30-7 per cent. as much 
heat as would pass through the usual glazed steel 
sash of the same superficial area. It was found that 
the blocks would not cause condensation on their rear 
surfaces within practical ranges of air temperature, 
humidity, and movement. A wall made of a single 
course of glass blocks has the insulating value of a 
plain brick wall 16in. thick or of an 8in. brick wall 
finished with lath and plaster. The blocks gave a 
coefficient of heat transmission averaging 0-29 
B.Th.U. per square foot for each degree Fahrenheit 
difference in temperature. The temperature within 
an enclosed space separated from direct sunlight by a 
wall of glass blocks was found to be from 25 to 40 per 
cent. lower than it was in an identical space to which 
the sunlight was admitted through a single glazed 
steel sash of corresponding superficial area, the test 
covering a four hours’ exposure to sunshine. Single- 
course, glass block panels, 7ft. by 8ft. in area, were 
tested for lateral strength by placing the panels 
between brick piers and sills and subjecting the panels 
to a sidewise pressure exerted by inflated bags. Not 
until the pressure attained 120 Ib. per square inch was 
any failure noticeable, and then it appeared as shear- 
ing at one of the upper joints of the panel. At the 
same time, the deflection at the centre of the panel 
was only fin. A glazed steel sash panel of the same 
dimensions was deflected fin. when the pressure was 
but 5 lb. per square inch. Compression tests showed 
that the blocks could sustain, without injury, a 
pressure of 800 lb. per square inch, which affords a 
wide factor of safety according to the prescribed 
codes for building materials accepted in the United 
States. 

The amount of daylight transmitted by the blocks 
varies with the extent of the ribbing or patterns 
impressed on the face, the back, or the two chamber 
surfaces of the blocks. A wall made up of a single 
course of blocks may accordingly transmit as much as 
86-5 per cent., or as little as 11-7 per cent. of the 
light impinging upon the exterior surface. In other 
words, the glass blocks, for each superficial area 
of 1-15 square feet, can transmit as much light as 
1 square foot of window glass. The light trans- 
mitted is diffused and not “ spotty,” and the light- 
transmitting characteristic can be varied to suit 
southern walls and northern walls. The ribbing 
or impressed patterns may be restricted to the 
chamber walls of the blocks, leaving the front and 
rear surfaces plain to minimise the accumulation 
of dust and to simplify the work of occasional 
cleaning. 

The mortar employed for the blocks is composed 
of one part of Portland cement, one part of quicklime, 
and four parts of sand. The masonry joints are 
fin. thick, and the depth of the joimts and nature 
of the mortar render the bonds impervious to moisture. 
Half blocks and corner blocks, together with the 
regular blocks, make it possible to duplicate any 
conventional brick-bond pattern. 

The company’s research building at Toledo has 
a ground area of 15,000 square feet, and consists 
of a two-storey section in front and a single-storey 
rear section. The front portion has a width of 142ft. 
and a height of 28ft. 24in., and a depth of 42ft. The 
rear section is also 142ft. wide and has a height of 
15ft. and a depth of 60ft. The interior of the structure 
is subdivided into thirty-nine compartments, and 
most of the division walls are also built of hollow 
glass blocks. All told, 80,000 blocks were used, 
each being 4}in. wide, 8in. long, and 3{in. thick. 
They weighed 4 lb. each, or 15 lb. per square foot of 
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wall area. 


The blocks were shipped from Muncie, 
Indiana, to the building site in cardboard cartons, 


and none was broken in transit. On an average 
each mason was able to lay 500 blocks per working 
day. 

To relieve the external walls of monotony they 
are banded horizontally with 10in. strips of concrete 
between which there are bands of glass blocks of 
a deeper green tone. The external walls are further 
partitioned vertically with stainless steel channels, 
in. wide, creating a succession of panels each about 5ft. 
wide. The building is steel framed. All the outside 
walls were set 4in. clear of the structural steel 
columns of the framework, an arrangement which 
made it practicable to turn the corners without a 
break in the laying of the blocks. At every third 
course metal wall ties were inserted between the 
blocks and anchored at the inner ends to the steel 
columns. After each five courses had been laid the 
work was allowed to stand until the mortar had set. 
The joints were then pointed and laying resumed. 


The building contains five fully equipped labora- 
tories, a drawing office, seven administrative offices, 
and other rooms. The diffused light in the interior 
of the building is stated to be of sufficient strength 
to illuminate a room after passing through three 
walls. The transmitted light is said to be notably 
comfortable to the eyes of the workers within the 
building. Since the building is virtually sealed 
against the chance admission of outside air it is 
equipped with an air-conditioning plant which 
operates all the year round. The burden upon that 
plant is proportionately lightened by reason of the 
insulating action of the hollow glass blocks. 

Besides being employed for filtering the conditioned 
air, fibrous glass is used to insulate the under sides 
of all the roofs, the glass being held in place with 
wire mesh that is painted white and freely exposed 
to the eye. So arranged, the glass is stated to be 
effective in reducing sound. Fibrous glass acoustical 
ceilings are provided elsewhere in the building to 
assure quiet or to modulate unavoidable noises. 











South Africa’s Empire Exhibition. 


By our South African Correspondent. 


No. 
(Concluded from pag 


ROM September 15th, when the Empire Exhibi- 

tion at Milner Park, Johannesburg, was opened by 
the Governor-General, up to October 5th, both days 
inclusive, over 276,000 persons had passed through the 
turnstiles. This has been quite satisfactory to the 
Exhibition executive, who expect the peak of the 
rush to be attained during December and up to the 
close on January 15th, as this covers the holiday 
period. A total of about 2,000,000 persons is con- 
fidently anticipated, including many thousands from 
other parts of the Empire and foreign countries. 
If so, the intention of the Exhibition will have been 
achieved, which is to show the whole of South Africa 
to the Commonwealth and the Commonwealth to the 
world, and thus it is a symbol of a national as well as 
a wider unity. 


THe Unirep Kinepom PaAvinion. 


Electricity is extensively used in the various 
pavilions for illumination, for working models, for ven- 
tilation, and other purposes. The United Kingdom 
Pavilion is an excellent example of this. The whole 
interior of the pavilion is illuminated artificially, and 
2500 electric lamps are used for this purpose, ranging 
from little 15-watt bulbs to those of the large 1000- 
watt projector type. These lamps and their fittings 
are carefully hidden from view, so that, although 
everything is illuminated to its proper intensity, in 
some instances very brightly and others in more 
subdued tone, the public is not inconvenienced by the 
glare of bare lamps, and consequently may view the 
exhibits without strain to the eyes. Some idea of the 
extent to which electricity is used in the Pavilion 
may be gained from the following statistics :—151 kW 
are in use during the day and 47 kW in evening for 
floodlighting the exterior, 1600 units of electricity are 
consumed per day and the amount of candle-power 
in use would be sufficient for about 400 small houses. 
Over 4 miles of cable were necessary for wiring the 
installation. 

The ceiling in the centre rotunda representing the 
sky of the Northern Hemisphere is studded with 
160 lamps, correctly placed to indicate the most 
important constellations. These, with forty powerful 
projector lanterns placed around the edge of the 
ceiling, are controlled by an electrical apparatus, 
which, when set in motion, varies the lighting so 
that this artificial sky appears to change from the pale 
of dawn through the full light of day and the fading 
light of evening to night, when the stars gradually 
appear. On the approach of dawn the stars dis- 
appear, and the sequence is repeated. The time taken 
by this eycle of events is 2} min. 

The three curved cornices immediately below the 
ceiling are permanently lighted by 570 lamps in three 
graduated shades of blue. Below this is a map of 
the world, 48ft. long by 23ft. wide. Considerable 
electrical apparatus is used on the map to indicate 
the shipping and air transport services of the British 
Empire. Of special interest are the Neon light tubes 
used to indicate the daily flights on the South African 
and Australian air routes. The tubes are operated on 
a new low-voltage high-frequency system, and give 
the effect of moving light. These and 330 lamps 
which illuminate the translucent land surface of the 
map from below, together with the wording on 
the three frosted glass descriptive panels, are con- 
trolled by two complicated drum switches giving a 
cycle of sixteen separate representations. Model 


ships fixed to cycle chains hidden below the surface 
of the water move from port to port on the Empire 
shipping routes, and are propelled by two electric 
motors. On either side of the map are dioramas 
showing the progress of rail and road transport. 
These are brilliantly illuminated by 145 lamps and 


ITI. 
e 406, October 16th.) 


Another special feature is a world map showing the 
activities of the Department of Overseas Trade. Here 
illuminated connecting bands indicate how inquiries 
from buyer to manufacturer, and vice versd, are 
handled through the Department’s headquarters. 
The lighting on this map, which is operated by a 
drum type controiler, is in constant motion. The rear 
gallery of the pavilion contains two large] dioramas 
of ships and aircraft. The former, lighted from two 


and a South African Cement company in this, their 
contribution being the erection of a. “ Tower of 
Light,” over 150ft. in height. The tower is lighted by 
batteries of floodlights, and some distance below the 
summit a naval pattern searchlight of 14,000,000 
candle-power capacity is mounted inside the tower, 
and by an arrangement of mirrors its rays are reflected 
vertically upwards through the top of the tower, to 
form a beam of light miles in height. At the base of 
the tower a hall is provided in which a system- 
operating diagram of the Victoria Falls Power Com- 
pany, and photographs of interesting features of the 
Electricity Supply Commission’s undertakings are 
being exhibited. It may be mentioned that the extra 
power used by the Johannesburg Municipality for 
the Jubilee illuminations during the carnival fort- 
night, equalled the normal electricity supply for a 
fair-sized South African town. Floodlighting, strip- 
lighting, Neon lights, extra street lighting, and 
beacons required an extra load of about 5000 kW. 
Among the illuminations were 300 golden lights 
pointing the way to the Empire Exhibition from 
different parts of the City, sodium gaseous discharge 
lamps for the Empire road, and a 1,250,000 candle- 
power beacon on Yeoville Hill. 


LicgHt AND Heavy MACHINERY HALLs. 


The heavy machinery exhibits are shown in two 
£20,000 pavilions, and range from full-size locomo- 
tives to factory chimneys. A considerable portion 
consists of moving machinery, some showing the 
working of actual processes and the manufacture of 
particular articles. Hundreds of British firms are 
represented, their local agents having secured large 
stands. Indeed, had it not been for the exhibits of 
overseas firms the pavilions would have been some- 
what bare, though, all things considered, the local 
manufacturers make a good show. Although there 
is nothing new or novel, the exhibits are numerous, 
and cover a wide range, as will be seen from a few 
examples taken haphazard. 

A local steel works shows a well arranged selection 





angles only by more than !100 lamps, is about 60ft. 


of special toughened cast steel and manganese steel. 








¢ 


long. It shows by means of scale models the progress 
of ship construction from the tiny coracle to the giant 
“Queen Mary.” The aircraft diorama, 130ft. in 
length, shows the evolution of heavier-than-air 
machines from the earliest to the present day, and a 
three-angle system of lighting by 360 lamps illu- 
minates the series of models. 


Etectric LIGHTING. 


Electricity plays a wonderful part, of course. The 
Victoria Falls and Transvaal Power Company 1s 





receive light from three different angles. 








collaborating with the Electricity,Supply Commission 





THE UNITED KINGDOM PAVILION 


Steel spiral gear and heavy steel castings and forgings, 
and railway material are close by. A totally enclosed 
double helical gear-box, 350 H.P., ratio 500/130, is 
one of ten sets supplied to the Witwatersrand Mine 
for tube mill drives. 

Next we noticed a high-efficiency marine propeller, 
diameter 6ft. 9in., pitch 7-8. An M.E. Craven rigid 
boring machine is followed by Chubb safes, hollow 
mining drill steel, and special alloy steel ; a blower 
scavenge Diesel engine, and a Petter 110 B.H.P. 
engine. Then a display of woodworking machinery is 
come to and includes an automatic saw-sharpening 
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machine ; a large compressor, and a display of rock 
drills follow. A striking exhibit is a 12ft. diameter 
headgear sheave wheel. 

Geared winches, a vertical steam engine, a Cochrane 
boiler divide attention with railway rolling stock 
parts, heavy oil engines, and a vertical duplex air 
compressor. Hume pipes, up to 6ft. diameter, and 
ferro-bound, steel pipes and tubes, of challenging size, 
some coated inside with bitumimous solution and 
sheathed externally with bituminous asbestos com- 
pounds, are interesting. There are many exhibits of 
clectric appliances and plant in the heavy machinery 
pavilions. 

These are also found in the Light Machinery Hall, 
and among the exhibits there are electromatic traffic 
control systems, refrigerating plant, thermal trip 
circuit breakers, an electric winding engine, and a 
display of electric cables. In this hall an attraction 





Amongst these is, of course, a Post Office section, 
where all post office business can be transacted and 
much of the inner working of the Department is laid 
open. Examples of old and modern telegraph appa- 
ratus are displayed. The Teleprinter exhibits demon- 
strate how modern telegraphic principles permit the 
introduction of the telegraph into the business house 
itself. Johannesburg’s new heavy traffic cable to 
Pretoria is shown by means of a remarkable recon- 
struction over 15ft. long, which illustrates the way 
in which this type of cable improves speech over long 
distance. Automatic telephones are seen actually 
in operation and the manner in which calls are metered 
is demonstrated. The entire system is reproduced 
in the Johannesburg Post Office exhibit with a model 
12ft. long and 10ft. high. 

It is, however, the exhibit in the east wing of the 








Pavilion of the South African Railways, Harbours, 





THE EAST AFRICAN PAVILION 


fur the visitor is the air-conditioned room in the centre 
of the hall, in which demonstrations are given from 
time to time. 

Models are found in profusion in the various 
pavilions, and in those referred to there is a model of 
a pulverised fuel boiler furnace, a complete model 
of a coal-screening plant with miniature railway 
trucks arriving, discharging, and departing ; a model 
of a 30,000-kW, 3000 r.p.m. turbo-alternator, with 





and Airways which attracts the maximum of atten- 
tion, with working models, dioramas, scenic studies, 
and transparencies of Union beauty spots. The 
exhibit occupies an area of 180ft. by 50ft., or 9000 
square feet. Immediately on entering the main 
eastern portal, there is observed a replica of a standard 
S.A.R. tunnel face with a full-size model of the front 
of a class “16K”. express passenger locomotive 
emerging. Behind the space occupied by this central 
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HEAVY MACHINERY HALL 


inverted type surface condenser and auxiliaries, 
scale one-sixteenth full size. The exhibits in the 
Light Machinery Hall are certainly varied, for dairy 
utensils, crown corks, and separators are to be seen 
near steel scaffolding and an electric tenoning machine, 
four head and cut-off saws, and an electric 18in. 
centring head cross-cutting and trenching machine ; 
also some good-sized cement mixers. 


Many Workinc MopeE ts. 


We have not mentioned even 3 per cent. of the 
exhibits in these halls, but no doubt have said enough 
to give a fair idea of the whole. There are other 
pavilions in which exhibits interesting to engi- 
neers are to be found, and therefore requiring mention. 
The £50,000 building of the Union Government houses 





the exhibits of all the Government Departments. 


exhibit, and facing the entrance to the main hall is 
situated an artistically designed inquiry, booking, 
and tourist office, where all classes of passenger 
bookings by rail, air, road, and sea are conducted, 
and where the requirements of visitors in respect of 
travel are attended to by a staff of qualified officials. 
Right and left of this exhibit, and occupying the centre 
of the pavilion, is a working model, covering an area 
30ft. by 15ft., demonstrating, with trains in motion, 
the practice of colour light signalling, and track 
circuit control, the whole staged in a realistic setting 
of mountain, river, and plain, amid which the trains 
are seen travelling. The track is a single one, as is 
the case with the S.A.R., and so the goods train 
arrives at the station or sidings, and goes on to the 
loop until the passenger train has dashed by. Leading 
from the model, and connected therewith by a minia- 
ture motor road, is a model of the Germiston airport, 


the headquarters of the Imperial and South African 
Airways. 

The original locomotive, 4ft. 8}in. gauge, imported 
from England for use on the Cape Town-—Wellington 
Railway, 1860-63, is shown, and the spade used in 
turning the first sod of the “ Point” railway at 
Durban—the first in South Africa. Many old prints, 
&c., are on view, and everything relating to the 
progress and development of the Union’s railway 
system are shown in this section. A model railway 
33ft. by 20ft., illustrates the South African railway 
standard practice of interlocking of points and signals 
and demonstrates with full-sized machines the 
exchange of electric tablets between two stations 
and an intermediate crossing loop. A model of the 
Durban Graving Dock, 15ft. by 6ft., occupies the 
remaining central space. 

Around the walls, 12ft. from floor level, are dis- 
played in colour friezes depicting the evolution of 
transport, from Stephenson’s “ Rocket ” to the latest 
streamlined electric locomotive, from the _ pre- 
historic *‘ coracle ’’ to the most up-to-date battleship 
and luxury passenger liner; from manual trans- 
port, through the development of road conveyance, 
the sedan chair, ox wagon, hansom cab, stage coach, 
bus, and train, right up to the trackless trams and 
other types of electric and motor vehicles to Camp- 
bell’s ** Blue Bird,” and so on. Around the pavilion 











THE TOWER OF LIGHT 

and occupying much table and floor space are displayed 
the sectional exhibits of the several departments of 
the Railway Administration :—A full-size arrangement 
of a real Walschaerts valve motion, 30ft. by 10ft., 
engine driving wheels, engine cylinders, group of 
mountings for boiler and fire-box, a section of track 
showing early and modern types of sleepers and 
fastenings. Types of rail in use through the years, 
from 20 |b. light track to the 120 1b. main line rails 
now in use. A series of maps depicting the progress 
of railway construction in South Africa, &c. Such 
instruments as an oscillograph photometer, locomo- 
tive headlights, turbo-generator, — train-lighting 
batteries, dynamo, electric controller, contractor, 
&c., used in connection with electric train working ; 
wireless apparatus from aircraft, types of electric 
lamps in use, and so on. Models of various types of 
aircraft used in commercial aviation in South Africa, 
aerial engines—all are here. A diorama of each of the 
four principal harbours of the Union, model graving 
dock, steamers, tugs, dredgers, &c., are also features, 
and suspended in air is one of the latest Hawker 
Furies used by the Defence Department. 


TELEVISION INSTALLATION. 


In a hall not far from the Clock Tower, in the 
grounds of the Exhibition, television is being shown 
to the public. A special television installation, 
costing between £4000 and £5000, has been erected, 
and is one of the most modern in the world, capable, 
if required, of sending pictures as well as sound over 
a distance of 25 miles. Sets identical with this one 
are being used at the Alexandra Palace television 





transmitting station of the British Broadcasting 
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Corporation, which is regarded as the most advanced 
centre in the world for this class of work. Five 
cathode tubes are required to work the set, each one 
averaging 10in. by 12in. Cinema slides are seen by 
the television apparatus simultaneously in five 
different places, being projected on to separate screens 
at the various receiving stations. Performances are 
given throughout the day, this being one of the few 
places in the Exhibition where a charge is made. 
There is little that is spectacular in the shipping, 
travel, and aircraft section of the Exhibition, except 
perhaps the remarkable devices for safety in air 
travel illustrated by Imperial Airways. The increas- 
ingly important part which air transport is playing 
in linking members of the Commonwealth is well 
portrayed. Models of the latest type of flying boats 
illustrate the remarkable stage of development reached 
in commercial aircraft construction, and there is a 
cross section of a model of a great passenger plane 
suggesting travel comforts of the most attractive 
kind. An important feature of this exhibit is the 
several working models of planes in flight, illustrating 
how radio control and wireless telephony are con- 
tributing to safety in the air. There is, for instance, 
the flight of the ‘‘ Canopus” over an impenetrable 
‘* bank of cloud.” The commander wishes to check 
his position and sends out a message in Morse, which 
those viewing the model hear through a loud speaker. 
Employing wireless telephony, three imaginary air 
ports help the commander to check his position. The 
roar of the ‘‘ Canopus ”’ engines enhances the dramatic 
effect of this portrayal. Another working model 
illustrates the functions of the automatic pilot, and 
a third model shows a plane approaching an aero- 
drome at night and the lighting devices employed 
on the landing ground. The Union-Castle Company’s 
exhibit is appropriately mounted on a platform railed 
like the deck of a ship. The main feature of this 
exhibit is a 20ft. model of the public rooms in the 
* Stirlmg Castle’ and the ‘‘ Athlone Castle.” The 
furnishings are complete to the smallest detail. 


THE GoLD MINES PavILion. 

The Chamber of Mines Pavilion cannot be passed 
over without a short description, seeing that gold is 
really responsible for the Exhibition. In the centre 
of a semi-circular pillared colonnade, 64ft. across, 
rises a great column of “ gold,” 70ft. high, which 
represents the equivalent of the last three years’ 
output of the Witwatersrand since South Africa 
abandoned the gold standard. With a diameter of 
Sft. at the base, it is surrounded at the bottom by 
sculptures illustrating the search for gold through the 
ages. At the top of the pillar an ingot-shaped 
podium supports a golden crucible. Behind the semi- 
circular colonnade is a simple but impressive building 
in the modern style. The main hall is 80ft. in length, 
30ft. in width, and 20ft. in height. Against a back- 
ground of mosaic arches, floodlit jets of water rise 
10ft. high from the coloured fountains in each wing. 
There are six great dioramas showing various stages 
of the processes adopted for the extraction of gold 
from its ores. Mining machinery old and new, is 
displayed in models. At the opposite end of the 
building the medical research undertaken on behalf 
of the mining industry, and the results, are shown ; 
the successes obtained in subduing phthisis, the pre- 
servation of health and the welfare of native workers, 
and many other phases of science are there demon- 
strated. Staircases leading out of the colonnade into 
the earth give first-hand experience of mining. An 
artificial stope has been dug in the hillside, running on 
an incline and reproducing the conditions, ventila- 
tion, rock support, &c., as they are seen on the Rand 
mining properties. Outside the hall is a remarkable 
reconstruction of an authentic stamp battery, as 
used fifty years ago. This installation was actually 
recovered recently from an old mine dump. 


OrHER EXHIBITS. 


South Africa’s first I.C. locomotive is on view. 
It is one of three brought from Durban for use at 
certain mines in the East Rand. Weighing 46 tons, 
these engines do not greatly exceed an ordinary 
municipal motor bus in size, though one hauled 
a 1500-ton train. One oil-electric locomotive 
is, one understands, to be brought to Milner Park 
siding during the Exhibition, where it will run for a 
short distance backwards and forwards over the 
tracks of the S.A.R. These engines are built by a 
* British firm. Tenders have already been called for 
the supply of this type of engine to the S.A.R., who 
at the outset propose to use them for shunting pur- 
poses. Outside one of the heavy machinery halls a 
52-ton locomotive, also British made, which came 
up im sections weighing 13 tons each, has been 
assembled. There is also a 6-ton underground elec- 
tric, locomotive on view in the stope beneath the 
Chamber of Mines building. 

The Port of London has spent £7000 on its exhibit 
at the Exhibition. Its pavilion contains models and 
dioramas, and attracts crowds of visitors. A mecha- 
nically operated diorama shows the equipment 


installed by the Authority for dealing with South 
African commodities, including cargoes of fruit, and 
the means of distribution to the great London and 
provincial markets within a few hours of the arrival 
of vessels. There is a model of the Tower Bridge, 
several feet high, and, occupying the centre of the 


150 miniature ‘ships, all painted in their correct 
colours, and thousands of individual buildings cut 
out of wood appear on this reproduction. It seems 
appropriate to mention here that from Australia has 
come a great working model of Sydney Harbour, 
with its hundreds of islands and the great city sur- 
rounding, its monster £6,000,000 bridge, and even its 
moving railway trains and steamers, all faithfully 
reproduced. 


MISCELLANEOUS EXHIBITS. 


Among what may be termed the miscellaneous 
exhibits noticed in making the rounds of the Exhibi- 
tion may be mentioned one of Rhodesia’s contribu- 
tions, a plaster model of the Shabani Mine, made for 
the Rhodesian and General Asbestos Corporation. 
The model is accurate in detail, and is built to scale 
of 20ft. to lin., being 13ft. 6in. by 6ft. 5in. in actual 
size, and weighs over 4000 lb. 

In the Press room where Linotype, Monotype, and 
other machines, with printing machines and presses 
are exhibited, visitors are able to see printed each 
day an eight-page newspaper. The News Bulletin 
is @ registered newspaper, produced jointly by 
Star, the Rand Daily Mail, and the Sunday Times. 
It is edited and printed in the hall, so that every 
stage of its production can be seen from the arrival 
of the news “copy” to the actual printing of the 
sheets. 

It is nothing but the truth to say that individual 
houses on the Rand are recognisable on the realistic 
model prepared by artists employed on behalf of the 








Rand municipalities for the “‘ Golden Reef Building ” 
at the Empire Exhibition. So exact is the reproduc- 
tion that even native paths across fields in the 
suburbs of Johannesburg have been reproduced, 
while every modern skyscraper is shown in the same 
relative position and height it occupies in real life ; 
57ft. from end to end, this fascinating model of the 
entire goldfields between Randfontein and Springs 
is in natural colours, and has been made to a 
scale one five-thousandth of the original. Air 
photographs are the basis on which the artists 
worked. 

Not only the prominence of natural features and 
contours of the ground, but the bird’s eye appearance 
of the whole had to be studied, such as mine dumps, 
railway bridges, public buildings, railway lines, water- 
ways, &c. Working on a carefully planned wooden 
foundation, the artists have included the natural 
surface of the whole Reef in miniature. Plaster of 
Paris reinforced by certain chemicals designed to 
lend added durability is the material used. Enamel, 
which is sufficiently resistant to withstand water, is 
used in the colouring process, which involved brush- 
work on a microscopic scale. Estimates show that 
the model of the Rand probably contains at least 
200,000 distinct buildings and structures, as well as 
tens of thousands of tiny trees. Most of the roofs 
are tinted red and grey, the preponderating colours 
on the Reef. The model is shown behind the low 
balustrade in the Golden Reef Building, which, 
externally, resembles a slime dump, familiar to all 
Johannesburg citizens and visitors to the gold mines. 











HEN your Council honoured me with an invita- 

tion to give this lecture, I felt it was one I could 
not decline. Perhaps it was thought appropriate 
that one who knew Sir Charles intimately during the 
last fifteen years of his life and was conversant with 
the history of most of his inventions should tell you 
something of him and of the way in which he improved 
the harnessing of steam. But, nevertheless, I feel 
I must claim your indulgence. None of you will, I 
think, quarrel with the title of this address; it is 
probably one that would have commended itself to 
Parsons had he known that memorial lectures would 
be given in his memory. But, the title having been 
chosen, a difficulty presented itself ; the difficulty of 
telling, to a gathering such as this, a story which 
would not only be of interest, but would add some- 
thing to its knowledge of Parsons and his work. 
I feel, indeed, that I have a difficult task in “‘ bring- 
ing my coals to Newcastle.” 
The majority of those here to-night have some 
impressions of Charles Parsons. Many have heard 
him speak at meetings of this Institution, and some 
of you were his personal friends. A number of you 
are even now engaged in the works which he founded, 
and the results of his work are well known to you. 
The turbo-generator, the searchlight reflector, the 
marine turbine and the astronomical telescope are 
not to you merely the products of Newcastle-upon- 
Tyne; they and many other inventions are essen- 
tially the children of Charles Parsons, they were born 
of his fertile brain and developed by the overwhelming 
energy that characterised him. Many of you, too, 
must have known that other Charles Parsons, whose 
modesty was outstanding, whose nature was of trans- 
parent simplicity, and whose greatness as an engi- 
neer was only transcended by his goodness of heart. 
He could be firm, at times very firm, but he was ever 
considerate for others, sympathetic, courteous, appre- 
ciative of the work of those under him and encourag- 
ing in his advice. No doubt many of you knew him 
longer and better than I did, for my first real contact 
with him was during the Great War. The submarine 
menace was a problem that attracted us both, and it 
and other problems led to a friendship which was 
ended only by his death. In the intervening years 
I learnt to respect him not only as the greatest engi- 
neer of our generation, but I loved him as a man. 
Parsons, like his distinguished father, the third 
Earl of Rosse, did not confine his activities to one 
sphere of engineering. Both men were exceedingly 
catholic in their knowledge and in their work. They 
were great scientists as well as great engineers, and 
both father and son occupied in turn the Presidential 
Chair of the British Association. It is recorded of 
the father that few men of his day had so wide a 
range of knowledge. He was a master of political 
economy—a greater one, it is said, than many of its 
mere renowned champions. He was a good chemist, 
he might have attained a high position as a civil 
engineer, he was a great astronomer, and the greatest 
astronomical engineer of his day. In addition, he 
possessed a large amount of military and nautical 
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knowledge. His greatest work was the improvement 
of the reflecting telescope. He commenced his experi- 
ments when he was twenty-seven years of age, and 
his work may be said to have reached fruition 
with the completion in 1845 of the great telescope at 
Parsonstown, Ireland, with its 6ft. reflector. Those 
who saw the workshops of the Earl of Rosse stated 
that they could never forget the machinery and 
furnaces that were installed in the towers and 
courts of the old castle, the intelligence and discipline 
of the workmen, who had been trained from Irish 
labourers, and, above all, the matchless self-possession 
and unfailing resources of the master mind and the 
guiding hand. The whole of the massive work of the 
telescope was executed in Lord Rosse’s laboratory, 
and every part had been so thoroughly considered 
that in no instance was it found necessary to deviate 
from the drawings which had been prepared. 

Such was-the scientific and engineering atmosphere 
in which Charles Parsons was born. He never went 
to a public school, and although he had a tutor, he 
obtained most of his knowledge in the workshops, 
forge, foundry, and chemical laboratory of the old 
castle. There he learnt much of optics, much of 
practical engineering and much of the methods by 
which problems are solved by means of experiments. 
The love of optics and the love of astronomy which 
Charles thus gained persisted throughout his life, 
and he found time to develop the most progressive 
optical glass and astronomical telescope establish- 
ments in this country. In his later years, the astrono- 
mical problem which attracted him most was the 
same problem that attracted his father, that of pro- 
ducing reflecting mirrors of great size. On many 
occasions he discussed with Dr. Hale, the Hon. 
Director of Mount Wilson Observatory, the vast 
enterprise of constructing and equipping the giant 
200in. telescope which is now nearing completion. 
The Hooker telescope at Mount Wilson, at present 
the largest in the world, penetrates cosmic distances 
that are measured in thousands and even millions of 
light years, but this new telescope will be able to 
penetrate three times as far into space. Why, said 
Parsons, stop at a 200in. reflector ? The construc- 
tion of large reflectors of glass, while appearing to 
him as a distinct possibility, did not appeal to him 
as an engineer. He concluded that even larger 
reflectors than the 200in. would be required in the 
future, and these could not well be made of such 
materials as glass; he was convinced that steel, and 
in particular a low coefficient expansion steel such as 
** Invar,’’ was the material with which such mirrors 
should be made. He planned, as his father did before 
him, to build a small steel mirror in sections ; had he 
lived there is little doubt that he would have tried 
to make, and no doubt have succeeded in making, 
in his own inimitable manner, a large reflecting mirror 
of steel. 

His love for attempting the seemingly impossible 
is well illustrated by his experiments having as their 
objective the making of diamonds. In these he raised 
carbon to a very high temperature under a pressure of 
over 200,000 lb. to the square inch. There were 
those associated with him who believed that some of 
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faet, diamonds, but Parsons had no such illusions ; 
he fully realised that he had never produced what 
Nature had apparently formed with ease. Although 
the first attempt to produce artificial diamonds was 
in 1893, the problem attracted him to the day of his 
death. Indeed, Parsons did not know the meaning of 
defeat, and the day before he left England for what 
proved to be his last voyage, he said that on- his 
return he would discuss how best to conduct further 
experiments, as some new method had occurred 
to him. 

L have said enough, I think, to show that heredity 
and environment played. a great part in moulding 
Parsons into a scientific engineer. Those who have 
read the scientific papers of father and son must 
have been impressed with very many resemblances. 
Both men, as I have said, were fully conversant with 
mathematics and ‘physics, and in some branches of 
science they possessed exceptional knowledge. Both 
possessed wonderful gifts of selecting those parts of 
physics important to their work and moulding them 
into a form suitable for application to their problems, 
and both had most remarkable engineering intuition, 
born, no doubt, of long experience in workshops and 
succoured by intimate knowledge of scientific theories. 
Indeed, the intuition of Parsons was such that he 
appeared to use his mathematical knowledge to a 
very limited extent. Often when an exceptionally 
difficult problem presented itself, which appeared 
likely to be solved only by laborious mathematical 
treatment, he would close his eyes, and after pro- 
longed thought, during which he appeared to grapple 
with all the mathematical conditions and to solve the 
necessary equations, he would indicate the solution 
by means of a graph or a sketch. Without such 
intuition and without practical talent no engineer 
can be truly great. 


PESSIMISM ABOUT FUTURE OF STEAM ENGINE. 


When he was eighteen Parsons went to Trinity 
College, Dublin, and after one year there he entered 
St. John’s College, Cambridge. In those days there 
was no engineering school in Cambridge, but Sir 
Alfred Ewing has said that there was at least one 
room which looked like an engineering laboratory, 
and that was Parsons’ own room, crowded as it was 
with models intended to put his inventive ideas into 
practical shape. He passed out of Cambridge in 1877. 
The world of engineering was before him. It is well 
known that he took out his first patents for the steam 
turbine in 1884; it is well known also that at that 
date the properties and potentialities of steam were 
better understood by him than most engineers. It 
is not so well known that many engineers of that 
period, notwithstanding the recent advances in 
knowledge of thermo-dynamics, viewed the future of 
the steam engine with pessimism, a pessimism, that 
must have been far from encouraging to Parsons. 
In 1881, when he was twenty-seven years of age, 
he became a member of the British Association and 
attended its meeting at York. Sir William (after- 
wards Lord) Armstrong was President of the Mecha- 
nical Science Section, and after discussing the theory 
of the steam engine he said, “‘ but even supposing the 
steam engine to be improved to the utmost extent 
that practical considerations give us reason to hope 
for, we should still have to adjudge it a wasteful 
though a valuable servant.” Afterwards he alluded 
to the possibility that the utilisation of our fuel in 
the not distant future would not be by way of the 
steam engine. Sir Frederick Bramwell, who attended 
the same meeting was much more pessimistic about 
the future of steam. He said: “‘ However much the 
Mechanical Section of the British Association may 
to-day contemplate with regret even the mere distant 
prospect of the steam engine becoming a thing of the 
past, I very much doubt whether those who meet 
here fifty years hence will then speak about that 
motor except in the character of a curiosity to be 
found in a museum.” 

It was exactly fifty years afterwards that Sir 
Charles Parsons died, and his first steam engime was 
in a museum—to be precise, the Science Museum— 
but not, as Bramwell thought, as a curiosity of a 
bygone age, but as a precursor of the modern large- 
power steam unit. Armstrong and Bramwell were 
not the only pessimists about the future of steam. 
Sir William Siemens, who was President of the Asso- 
ciation the next year, predicted that “before many 
years engines using producer gas would take the 
place of the complex and dangerous steam boiler,” 
and Lord Rayleigh in 1884 said: ‘* The efficiency of 
the steam engine is so high that there was no great 
margin remaining for improvement.” With such 
weight of scientific opmion against the future of the 
steam engine, it required that unquenchable faith 
and ingrained practical knowledge of Parsons to 
conquer the difficulties to which others were prepared 
to succomb. 

THE THREE EPOCHS OF STEAM. 

I have many vivid memories of some talks I had 
with Sir Charles on this very point when on a voyage 
from Beira to Mombasa seven years ago. The way in 
which he appraised a situation was an education to 
me, and he summed up his impressions of the power 
discussions at the British Association meeting of 
1881 in a most interesting manner. As is well known, 
the reign of the steam engine may be divided into 
three epochs—the first, the Newcomen epoch, last- 





ing about seventy years; the second, known as the 
Watt epoch, lasting from seventy to eighty years ; 
and the third, the Parsons epoch, which has so far 
lasted a little over fifty years. There has been, of 
course, considerable overlapping. Sir Charles and I 
talked of the work of the early inventors, particu- 
larly of the apparently small inventions of Savery and 
Newcomen, and what appears to be the simple inven- 
tion, and yet an epoch-making one, of the separate 
condenser of Watt. Parsons then used the words 
which he used in 1909 on the occasion of the Watt 
Anniversary Lecture, “It is easy after discovery to 
say, ‘ How obvious and how simple,’ but how difficult 
is any step of advance when surrounded by unknown 
surroundings.” Imagine an electrical engineer sixty 
years ago being requested to transmit a telephone 
message to the uttermost parts of the earth, without 
wires, and in a fraction of a second, and so that 
hundreds of millions of people in all parts of the world 
could simultaneously hear the message. He would 
probably have ridiculed the suggestion, and 
almost certainly have said that the thing was impos- 
sible. He could not, indeed, have appreciated the 
present position, because knowledge of electro- 
magnetic waves and their behaviour in the upper 
regions of the atmosphere was not then in existence. 
In the same way there was no knowledge of the real 
nature of heat in the days of Newcomen and Watt, 
and the fact that heat and work were mutually con- 
vertible in a fixed relationship was also unknown. 
It is not surprising, therefore, that Newcomen’s 
engine was based on the elementary knowledge that 
steam, when condensed in a closed vessel, produces a 
partial vacuum, and to the vacuous space thus formed 
enables work to be done by the pressure of the 
atmosphere. For this reason all such engines were 
called ‘‘ atmospheric engines.” It is true that long 
before the time of Newcomen, Boyle had demon- 
strated the elastic properties of gases, but during 
that long period of seventy years during which the 
Newcomen engine held sway, no advantage was 
taken of the expansive property of steam. 

In the second epoch Watt had more precise 
knowledge and more extended knowledge of steam 
than Newcomen, but, notwithstanding, his first engine 
was founded on the same basic knowledge as that of 
its predecessor; it was, indeed, purely an atmo- 
spheric engine, but a more efficient one. Later, Watt 
used steam expansively, but he used low and not high- 
pressure steam. To use steam expansively to better 
advantage, Jonathan Hornblower patented and made 
the first compound engine in 1781, but the invention 
infringed Watt’s patent and was crushed. It was 
revived by Woolf in 1804, but the compound engine 
played a minor part in the development of the steam 
engine until 1845. In marine practice, where economy 
of fuel was very important, the principle was extended 
to triple and even quadruple-expansion engines. 
This growth of compound expansion, together with 
the use of high-pressure steam, with the development 
of which the name of Trevithick will always be 
associated, form the two distinct improvements in 
the use of steam from the time of Watt until Parsons’ 
invention of the steam turbine. For the rest, the 
progress of the steam engine during the Watt epoch 
consisted in its adaptation to particular uses and the 
improvement and invention of mechanisms. 


ECONOMICS OF THE THREE EPocus. 


The three epochs referred to were in reality economic 
epochs in the life of the steam engine, and Watt’s 
invention of the separate condenser was a great 
invention because its application had marked econo- 
mic consequences. The consumption of coal per 
horse-power hour of the Savery engines is, I believe, 
unknown, but Robison, in his ‘“ Mechanical Philo- 
sophy,” says of Savery’s engine: ‘‘ The very great 
defect of the machine ...is the prodigious waste of 
steam and consequently of fuel.”” There is no doubt 
that Newcomen’s engine was much more efficient 
than that of Savery, and while it is impossible to 
judge the efficiency of the engine apart from the boiler 
and furnace, there is a good deal of information con- 
necting the output of power with the coal consumed. 
Stuart, in his “ Anecdotes of the Steam Engine,” 
tells us that there were fifty-seven such engines in 
operation in Newcastle in 1769, and these bad a total 
horse-power of 1188. Fifteen of these engines were 
selected for test, and the mean efficiency was such 
that 5-6 million lb. could be raised a height of Ift. 
with 84lb. of Newcastle coal. This was approxi- 
mately an output of 1 H.P. per 30 lb. of coal. How- 
ever, there were several ways of improving the 
furnaces and mechanisms of many of Newcomen’s 
engines, and Smeaton modified one of them (it is 
interesting to note it was in a coal mine near New- 
castle) with such effect that the Ib. of coal con- 
sumed per horse-power hour were reduced from 
34 to 20. In the “‘ Newcomen” epoch the efficiency 
of the steam engine may be taken as about 1 horse- 
power hour per 25 Ib. of coal consumed. 

Watt’s invention marked the beginning of a new 
epoch, because the consumption of coal per horse- 
power hour was reduced to about 5-5lb., approxi- 
mately one-fifth of that used previously. Indeed, 
Boulton and Watt guaranteed with 84lb. of New- 
castle coal to raise 30,000,000 Ib. weight 1ft. high. 
“ By burning this quality of coals,” says Boulton, 
“you will produce a power equal to that exerted by 
ten horses.’’ But, says Stuart in his “ Anecdotes,” 





“in forming this estimate his honourable mercantile 
spirit shone in a new brighter light.’’ The efficiency 
was, in fact, equivalent to 1 horse-power hour for a 
consumption of 5-5 1b. of coal. So marked was the 
superiority of the new engine that the patentees 
said: “‘ All that we ask from those who choose to 
have our engine is the value of one-third part of coals 
which are saved by using our improved machine 
instead of the old.”’ However, the engines which 
had been improved by Smeaton were excluded from 
this offer. As an example of the saving and the 
revenue, it is of interest to note that at the Chace- 
water mine in Cornwall the saving on coal was 
upwards of £6000 per annum, and the patentees drew 
£2000 per annum of this. 

It is also recorded that the efticiency of the single- 
cylinder engine used in the Cornish mines rose from 
about 18 millions of foot-pounds per cwt. of coal in 
1813 to 68 millions in 1844, after which less effort 
seems to have been made to maintain a high efficiency. 
The efficiency in 1844 was about 3-2 lb. of coal per 
horse-power hour. In 1887, when steam at pressure 
was in use and triple and quadruple-expansion engines 
were employed at sea, there was a consumption in 
good engines of large size of 2 1b. per horse-power 
hour, and by triple-expansion this was reduced in 
large marine engines to about 1} lb. On the other 
hand, in small power engines the consumption was 
at least 2} lb., and m general 3 lb. or more. In the 
present epoch, that of the steam turbine, it is possible 
to produce to-day 1,000,000 units of electrical power 
for a@ consumption of 407 tons of coal; that is, 
1 horse-power hour for a little less than 0-7 Ib. of coal. 
GROWTH OF STEAM POWER IN THE SECOND Epocu. 

Watt took out his first patent in 1769, when he was 
thirty-three years of age, and he died fifty years 
later. Like Parsons, he lived to see his engine grow 
to reasonable maturity and of immense benefit to 
industry ; the magnitude of the benefit may be 
judged by the steam power in Great Britain being 
of the order of 300,000 H.P. at the time of his death. 
In 1827 this steam power had grown to be equivalent 
to 320,000 horses, and, commenting on this, Tredgold, 
in his book on “‘ The Steam Engine,”’ says, “‘ To this 
immense command of power our country owes much 
of its commercial prosperity, besides a vast addition 
to the comforts and conveniences of life.’’ A solitary 
steamboat navigated the Clyde in 1811; in 1925, 
fifty-one steamboats plied on that river; and from 
1811 to 1822 the number of steam vessels in Great 
Britain increased to about 140, with a power equi- 
valent to the exertion of 4700 horses, and a tonnage of 
16,000. During the next half-century the growth of 
steam power was at a very rapid rate. 


KNOWLEDGE OF STEAM AT COMMENCEMENT OF 
TutrD Epocu. 


It was three years before Tredgold published his 
book on the steam engine that Carnot published his 
little book in which he expounded the cycle of opera- 
tion associated with his name. In this book Carnot 
wrote :— 

“* Notwithstanding the work of all kinds done by 
steam engines, notwithstanding the satisfactory 
condition to which they have been brought to-day, 
their theory is very little understood, and the 
attemptstoimprovethem are still directed almost by 
chance. The question has often been raised whether 
the motive power of heat is unbounded, whether 
the possible improvements in steam engines have 
an assignable limit.” 

Twenty-six years before this was written, Count 
Rumford had made his famous experiments, and 
demonstrated that work could be converted into heat, 
but it was not until 1844 that the indestructibility 
of energy was proven by Joule. Heat was shown to 
be a mode of motion, and heat and work were proven 
to be mutually convertible in a fixed relationship. 
Sir William Thomson, Clausius and Rankine added 
to our knowledge of gases and of steam ; an absolute 
zero of temperature was defined and the idea of 
entropy was introduced. 

In 1884, forty years after Joule’s famous experi- 
ment, when Parsons took out his first patent, the 
information and data on gases and steam which has 
been obtained by experiment, were, to use Parsons’ 
own words, “ tools of great power, suitable for general 
use by scientists, physicists, and engineers.” The 
most important new items of knowledge—new 
inasmuch as they were unknown to Watt—were that 
heat is a mode of motion and that heat can be trans- 
formed into work and work into heat in a fixed rela- 
tionship. Indeed, this latter discovery was one of 
the greatest of the nineteenth century. Many illus- 
trious men of the seventeenth century considered 
heat to a mode of motion, but they had no proof. 
‘“* Heat,” says Locke, “is a very brisk agitation of 
the invisible parts of the object, which produces in 
us that sensation from which we denominate the 
object, hot.’ In later years heat was believed to 
be a fluid, and the name caloric was given to it, but 
the researches of the nineteenth century caused the 
fluid theory to be abandoned for ever. 

The new knowledge showed that at all ordinary 
temperatures the molecules of @ gas are in motion. 
In the case of a perfect gas at zero temperature 
(absolute) the molecules would be still. If heat were 
applied they would begin to move, until at ordinary 
temperatures their movements would be compara- 
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tively rapid, something like a mile a second. The 
more heat that is applied to the gas, the more rapid 
is the molecuar motion, and the absolute temperature 
of a perfect gas is simply proportional to the work 
done on it which is the same as the work it is capable 
of doing. Steam is not a perfect gas, but at compara- 
tively high temperatures it behaves very nearly as 
if it were. The molecules of steam condense to form 
water at @ temperature much above the absolute 
zero, and although molecules of water possess a con- 
siderable amount cf kinetic energy, it is difficult to 
transform such energy into useful work. At ordinary 
temperatures the molecules of water, while vibrating 
and changing in position relative to other molecules 
do not break away from one another except at the 
surface, where some of the molecules receive suffi- 
ciently big impulses from their neighbours to break 
away and leave the surface for good. The liquid, 
however, is thereby cooled, since it loses energy. 
When the water is heated to the boiling point, the 
evaporating molecules overcome the pressure of the 
air and escape in large numbers. This explains why 
the temperature at which water boils is dependent 
on the atmospheric pressure. The molecules of steam 
are at the same temperature as the molecules of the 
boiling water, and the heat absorbed, known as latent 
heat, is used largely in overcoming the molecular 
attractions in the liquid. When further heat is 
applied to the steam, the kinetic energy is raised and 
the temperature increases. 

Simple as this knowledge is to-day, it was possessed 
by no engineer until the middle of last century, and 
Carnot’s statement that the theory of steam engines 
was little understood, and attempts to improve 
engines were directed by chance, was undoubtedly 
true. 

in Watt’s reciprocating engine it was the impact 
of the molecules of steam on the piston that con- 
stituted the pressure of steam, and when the engine 
did work by expansion of steam the molecules lost 
some of their kinetic energy and there was a conse 
quent fall in temperature. In Hornblower’s double- 
cylinder or compound engine the expansion was 
carried further, but owing to the low steam pressure 
employed there was no economy over the single- 


cylinder engine. Higher pressures were gradually 
adopted and, in the middle of last century, the 
expansive force of steam was taken much advantage 
of in triple and quadruple-expansion engines. In 
all these engines, however—indeed, in all types of 
engines, whether the substance be steam in a steam 
engine, or some form of gas in an internal combustion 
engine—the steam or gas which does the work transfers 
some of its kinetic energy to the moving parts of the 
engine, and there is a fall of temperature of the 
working substance. While steam_and other gases 
used in engines are not perfect gases, their tem- 
perature is proportional to the kinetic energy of their 
molecules, and the fall in the kinetic energy from the 
higher to the lower temperature of the gas is a 
measure, broadly speaking, of the maximum amount 
of work it can do. Internal combustion engines owe 
their superior economy in fuel to the very high tem- 
perature at which the heat is transferred to the 
working substances of the engine, and consequently 
the great range in temperature in the working sub- 
stance. The gases are, however, rejected at a com- 
paratively high temperature, and this is against 
economical working. On the other hand, in the steam 
engine @ very high initial temperature is mmpossible, 
owing to the limited strengths of the materials 
involved in its construction. It works therefore at a 
disadvantage in this respect, but it has an advantage 
in rejecting steam at a low temperature. 

When Parsons took out his first patent, the upper 
limit of temperature in the internal combustion 
engine was about 1900 deg. Cent. If the lower limit 
had been 15 deg. Cent. and the engine had been a 
perfect one, the efficiency would have been 0-87. 
In practice, the lower temperature was higher than 
400 deg. Cent., the engine was not perfect, and the 
actual efficiency was about 0-2. However, as Ewing 
pointed out, this meant that the gas engine had all 
the greater margin for future improvement, while 
the steam engine of 1884 ‘“‘had been improved 
so far that little increase in its efficiency can be 
expected, and more than a little is impossible.” 
When Ewing wrote these words, Parsons had invented 
the turbine and challenged the pessimists. 

(To be continued.) 
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DETERMINATION OF NON-METALLIC INCLUSIONS. 


™ next paper was *‘ The Determination of Non- 

metallic Inclusions in Steel and Iron,” by E. W. 
Colbeck, S. W. Craven, and W. Murray. We append 
an abstfact of this paper. 

The authors first stress the importance of the need for obtain- 
ing information with regard to the constitution of the non- 
metallic matter ineluded in iron and steel. They then review 
various methods proposed for the isolation and analysis of such 
inclusions. 

A detailed description of the use of chlorine for this purpose 
follows, and its effects at different temperatures on SiO,, Al,Og, 
Fe,03, and MngQ, are outlined. These oxides have been tested 
both singly and as mixtures in the presence of carbon. 

Comparative results obtained on a number of carbon steels by 
several solution methods are given, particular attention being 
directed to the use of chlorine and iodine. Tests have been 
carried out both with drillings and solid sections. 

Typical residues from chlorine and iodine attack have been 
examined by X-ray analysis, and it is shown that MnS is not 
completely soluble in iodine. 

The authors next detail the results of work on alloy steels, 
using the chlorine method. 

The determination of non-metallic inclusions in cast iron is 
then dealt with, and it is shown both by chemical and X-ray 
analysis that FegP is quantitatively retained in residues after 
iodine extraction, 

Dr. C. H. Desch said the paper would certainly be 
considered very carefully by the Oxygen Panel, of 
which Dr. Swinden was Chairman, which was com- 
paring all the different methods. Some years ago at 
Sheffield he did a great deal of work with the chlorine 
method, but ultimately rejected it. The great difti- 
culty with chlorine was the impossibility of either 
purifying it completely from oxygen or to know when 
the oxygen had been removed or how much might be 
removed. He knew of no chemical method of remov- 
ing oxygen from chlorine. The method he used was 
the one described in the paper, which did not, of course, 
remove the oxygen, but only converted it into oxides 
of carbon, so that there were still oxygen compounds 
present, and secondary reactions were possible. For 
that reason he went over to the iodine method, which 
was afterwards continued at the National Physical 
Laboratory and had been very much improved by 
Mr. Rooncy.. That was being dealt with by the 
Oxygen Panel and all those who were working on it 
were satisfied that for the simpler types of steel the 
iodine method gave satisfactory results. The 

chlorine method, apart from the disadvantages he 
had mentioned, was an extremely messy process. 
There was general agreement that the total oxygen 
could be obtained in almost all cases by the hot 
extraction method, but how that oxygen was divided 
up among the different elements was a problem which 
called for a great deal more work and any contri- 
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Mr. T. E. Rooney, commenting on the fact that 
the authors had dismissed the hydrogen reduction 
method as being of little use, said that personally he 
would not be surprised if it were found necessary to 
go back to that method in order to obtain information 
on the amount of ferrous oxide and manganese oxide 
present. He thought it could give definite information 
concerning those two oxides. The authors had also 
compared the iodine and the chlorine methods. 
Since he and Mr. Stapleton published their paper on 
the iodine method they had made very great improve- 
ments in it, and he thought that if the authors had 
used the improved method they would have obtained 
results which were more closely in agreement with 
those obtained by the chlorine method. 

Mr. W. W. Stevenson described the paper as being 
a@ very important addition to the confusion which at 
present existed in regard to the subject with which it 
dealt. It was a pity Mr. Colbeck did not get one or 
two people together before doing so much work on the 
iodine method, because actually that work was two 
years behind the times. It was nearly possible, by 
the latest improvements in the iodine method, to 
obtain the total non-metallic inclusions and to know 
what they were when they had been obtained. 

Dr. T. Swinden, Chairman of the Oxygen Panel, 
said the members of the Panel recognised the urgency 
of the problem, and they had rightly or wrongly con- 
centrated their work on the vacuum fusion and the 
alcoholic iodine methods. The attraction of the 
chlorine method, were it reliable, would be in the 
ability to deal with alloy steel, but the summing 
up of the authors on that point was not very reassur- 
ing. It had, however, been decided already that the 
chlorine method must be seriously considered, and 
as a matter of fact a meeting of the Oxygen Panel 
was to be held later that afternoon. 

Dr. W. H. Hatfield suggested that Mr. Colbeck 
should be invited to join the Oxygen Panel. The 
chlorine method was very interesting as applied to 
chromium and the alloy steels, and he surmised that, 
whereas the work of the Oxygen Panel had been 
largely confined to the carbon steels, Mr. Colbeck, 
through his interest in chemical reactions in alloy 
steels, had been led to enter a rather wider field. 
Mr. Colbeck in his reply to the discussion said that 
the authors were very alive to the question of 
secondary reactions mentioned by Dr. Desch and 
were, as a matter of fact, carrying on their work 
beyond the stage described in the paper. They were 
experimenting with steels with all kinds of different 
ratios of silicon to manganese and at the same time 





and were trying different reactions between various 
metals and oxides in chlorine screens in order to find 
out whether there was any interplay in the chlorine 


screen between those different oxides. It was quite 
true, as Mr. Stevenson had said, that the authors 
might be two years behind the times, but they had 
honestly tried to correlate all the available methods. 
They might, it was true, have used methods which 
were to a certain extent out of date, but it was more 
than most others who had gone before had done and 
therefore the work was worth considering. The 
authors were interested in what Dr. Swinden had 
said and would like to hear the results obtained with 
the vacuum fusion method. They were all really in 
the same position; they were all struggling after 
something to which they could not obtain the answer. 
He claimed that they were not at all dogmatic in the 
paper that any method was the right one, and they 
hoped that it would lead others to try every possible 
method in order to arrive at the truth. 


Rots FoR CoLtp REDUCTION. 


The remaining paper read on Thursday afternoon 
was “ The Roll Problem in Backed-up Mills for Cold 
Reduction,” by G. A. V. Russell and 8. 8. Smith, of 
which the following is a summary. 

The development of heavy cold-rolling operations on mills of 
the backed-up type has drawn attention to the rolls employed. 
The paper is a record of experience with both the working and 
backing rolls in a large installation. The various types of roll 
used or now available are considered from the standpoints of 
use and manufacture, and characteristic modes of failure are 
illustrated and examined. The stress relationships occurring 
are then contrasted with those obtaining in the rolls of mills of 
the ordinary two-high type. Finally, some suggestions are 
advanced for improving backed-up roll performance. 

Dr. W. H. Hatfield said that he had heard some- 
thing of high-speed steel rolls before, but had never 
been able to obtain any real technical information. 
If the authors had any knowledge to impart on the 
subject he hoped they would do so. On behalf of 
those engaged in the production of hardened steel 
rolls he desired to draw the attention of the authors 
to the real character of the hardened steel. The steel 
was left by the manufacturers in the hardest possible 
condition, which condition must obviously be accom- 
panied by very substantial residual stresses from the 
heat treatment process. It was for those who 
designed and operated cold rolling mills so to arrange 
matters that the stresses imposed on the rolls were 
within the stresses which could reasonably be 
expected to be borne by the rolls. The authors 
stated that the ideal way of making the rolls was by 
the high-frequency process of steel production, but 
they would find that the high-frequency furnace did 
not exist in which ingots could be made large enough 
to produce the rolls in which they were interested. 
Moreover, did such a furnace exist, it would not be 
capable of producing steel which was as suitable as 
the steel which was at present produced by the arc 
type of furnace. 

Mr. W. E. Bardgett said the United Steel Com- 
panies, with which he was associated, had been 
manufacturing and using rolls for a considerable 
number of years, and it was gratifying to find that 
their views and the views of the authors agreed in 
many respects. The methods adopted by most 
firms in the manufacture of cold rolls were closely 
guarded secrets, but he felt that from the recom- 
mendations of the authors anyone wishing to make 
rolls had practically all the information required to 
make a success of the job. Although some people 
regarded annealing as necessary, his firm had not 
found it to be so, and he asked for the authors’ views 
on the merits of preheat treatment, which was 
theoretically sound, but of doubtful practical value. 
Probably the most delicate operation, and the one 
which had the greatest influence on the behaviour of 
the rolls in service, was the quenching operation. On 
the question of composition, his company had adopted 
a modified carbon-chromium steel almost exclusively. 
That type of roll had proved entirely satisfactory 
and, indeed, superior to the high-speed steel rolls. 
Speaking of roll failures, Mr. Bardgett said that the 
most common type of failure was that caused by 
small, isolated, and occasionally deep cracks. It had 
not, however, so far been possible definitely to prove 
whether those cracks were inherent in the roll or 
whether they occurred as a result of the working 
conditions. Other types of failure referred to by the 
authors were common to rolls used in both ferrous and 
non-ferrous strip rolling and his companies had for 
some time adopted the etch test suggested by the 
authors for detecting soft spots in rolls, and each roll 
was examined in that way before going into service. 
The mechanism of roll failures warranted very close 
study. There had been carried out in the Central 
Research Department of the United Steel Companies 
an investigation of stress distribution in sectional 
models of rolls by means of the photo-elastic process 
and the results seemed to justify the authors’ claims 
in favour of solid rolls. Synthetic glass was used for 
the models. Mr. Bardgett concluded by showing a 
number of slides which he suggested indicated that 
the intensity of stress was very much greater in the 
four-high than the two-high mill, whilst other slides 
indicated that the intensity of stress was very much 
less in, the case of solid rolls. The interpretation of 
the results, he added, must be made with considerable 
reservation owing to the serious limitations of the 
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were trying to prepare various oxides of manganese 





photo-elastic method of measuring stress distribution. 
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It was believed, however, that the results justified 
the conclusion that failure from a central hole in 
hollow rolls was due to reversals of intense stress at 
the bore and that that type of failure might be 
eliminated by using solid rolls. 

Mr. W. J. Dawson remarked that according to the 
authors solid rolls might be a solution of the problems, 
but he would like them to explain how it was in that 
case that large hollow rolls with bores up to 4#in. in 
diameter had proved quite satisfactory in service. 
He uttered a word of caution to those who might be 


so unwary as to embark on the thorny path of 


hardened steel roll manufacture on the strength of 
the information in the paper. The authors had 
stressed the need for co-operation between the makers 
of hard steel rolls, but no such co-operation existed 
to-day. Personally, he would suggest more co-opera- 
tion between users and manufacturers. In that respect 
the authors and their company were to be com- 
mended. There was, however, another form of 
co-operation he would suggest, viz., between the 
rolling mill makers themselves. They might be able 


to standardise to some extent rolls and mill designs 
and thus make things easier for the steel maker and 
the user of the rolls. 

Mr. G. A. V. Russell, repyling to the discussion, 
said that Dr. Hatfield had taken them rather severely 
to task for advocating the employment of a high- 
frequency melting furnace for hardened steel roll 
ingots, but although they might have been a little 
sanguine, their experience in the use of rolls produced 
from ingots melted by that process for medium and 
smaller rolls had been so favourable that they were 
led to recommend its adoption within the practical 
limits of size. After mentioning that the authors’ 
firm had profited by an exchange of views with the 
roll makers on modifications in shape, Mr. Russell 
said it should be borne in mind that the plant could 
be regarded as a pioneering installation. They had 
set out to blaze a new trail by developing a plant for 
the highest production and consequently lower direct 
costs, and that was possibly the reason why they had 
encountered the difficulties described in the paper. 





(To be continued.) 








Rugby Works of English Electric Company 


No. I. 


URING the latter part of last week a large number of 
| pana both from this country and abroad, accepted 
the invitation of the English Electric Company, Ltd., to 
pay a visit to its Rugby works and see on test and in course 
of raanufacture examples of its oil engines, steam turbines 
and water power plant. 

In this first article we propose to describe and illustrate 
what appeared to us to be the outstanding example of its 
manufactures, namely, the 3500 B.H.P. eight-cylinder 
English Electric Fullagar oil engine, which, along with its 
generator, has been built for the Bermuda Electric Light, 
Power and Traction Company. The engine, which is 
shown in the engraving below and in the drawings repro- 
duced on page 516, is noteworthy as being, the makers 


of 3500 B.H.P. at 214 r.p.m., and in service will be normally 
operated at 200 r.p.m., corresponding to a full-load rated 
output of 3275 B.H.P. The new engine, when it has been 
installed, will bring the aggregate horse-power in the 
Bermuda power station up to 10,000, all units being of 
English Electric Fullagar design and manufacture. In 
1930 an identical type engine of 2500 B.H.P., having six 
cylinders and working on the air blast injection principle, 
was despatched to Bermuda, where it has been in regular 
commission since 1931. 


GENERAL STRUCTURAL DESIGN. 
The new 3500 B.H.P. engine is illustrated in detail in 


drawing on page 516, is made in four main pieces, the 
position of the joints being indicated in the drawing. The 
erank case is in six main sections, the four inner sections 
each corresponding to a complete two-cylinder unit, so 
that the parts are identical for a four, six, or eight-cylinder 
engine. Each section is built up with front and rear 
columns of such a width as to form a continuous structure, 
and the columns carry the lower crosshead guides on their 
inner faces. The columns are joined transversely by bridge 
pieces, in addition to the bed-plate joints. Each of the 
cylinder blocks contains two bores, and is made in two 
pieces, with a horizontal joint, which is visible just above 
the injection valves. The upper portion of the cylinder 
block is designed to form the scavenge air receiver and 
each unit is joined to the adjacent units with connections 
of large area, so that the four units make up one con- 
tinusus scavenge receiver around the whole of the 
cylinders. Since the scavenge pumps are at the top of the 
cylinders, the arrang>ment of the scavenge belt at the top 
enables a simple path to be employed for the scavenge air. 
Following the main structure, it will be seen from the 
drawings that the cylinder blocks are surmounted by 
castings which carry the upper crosshead guides, and that 
these, in turn, form a seating for the scavenge pumps. 


SCAVENGE Pumps. 


In the smaller range of English Electric engines the 
upper crosshead forms the scavenge pump piston for the 
corresponding cylinder and is rectangular in plan, but in 
the large model we are now describing the pump, although 
still placed above the cylinder, has a circular barrel, and 
the ringless piston is connected to the upper crosshead by 
a piston-rod passing through a metallic packing gland. 

The pumps are double acting, The new arrangement 
possesses considerable advantages, although it tends to 
produce a slightly higher engine, a matter of no great 
importance. The scavenge pumps are of simple design, 
the valve boxes being placed beside the cylinder, as shown 
in the drawing. Details of the suction valves are also 
shown in the drawing and the arrangement of the delivery 
valves is practically identical with the suction valves. All 
the valves are of the plate type and they are rendered 
readily accessible by removing the top cover of the valve 
box. The detail design is such, it is claimed, that it is 
impossible, although the suction and delivery valve plates 
are identical, to assemble the valve units either in the 
wrong place or in an incorrect manner. The general 
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3500 B.H.P. EIGHT-CYLINDER ENGLISH ELECTRIC FULLAGAR OIL ENGINE AND GENERATOR 


claim, the largest oil engine yet built in this country for 
industrial purposes. Further, it incorporates in its design 
the latest developments in English Electric Fullagar 
design with the adoption of airless injection of fuel, which 
is particularly adapted to the opposed piston design, and 
follows the result of research and experimental work 
carried out at the Rugby works of the firm. 


THe BermupDa ENGINE. 


The Bermuda engine, which we inspected on the test 
bed on Thursday, November 5th, has a designed output 








bore of 19in. and a piston stroke of 22in, and the rated 
power is developed at 214 r.p.m. It will be seen from the 
drawing that the arrangement of the cylinders in pairs 
has been retained and that the engine is of the enclosed 
type in common with those of the smaller range. As it was 
anticipated that this engine might have to be erected in 
countries where transport facilities were limited, it was 
decided that no part, with the exception of the fly-wheel, 
should exceed 8 tons in weight, and this consideration is 
reflected in the construction of the main casing. The bed- 
plate, which is shown in section at the bottom of the 








scavenge trunk is shown in the drawing and the position 
of the exhaust trunk can also be seen. 


CYLINDER LINERS AND RECIPROCATING PARTS. 


The design of the cylinder liners is particularly important 
in this type of engine, as the opposed piston design results 
in the liner being subjected to the full gas pressure at its 
centre, while, in addition. it has to resist considerable 
temperature stress. The liners are fitted from the top and 
are free to expand at the lower end. They are provided 
with gland rings at either end. The scavenge ports are 
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tangential, the angle being such that the desired turbulence 
is set up in the entering stream of air. Great importance 
is attached to the design of the apertures in the liner 
through which the nozzles of the injection valves pass. 

The pistons are made in two parts. The heads are made 
of a special alloy forged steel and have four rings. They 
are oil cooled, the oil being delivered and withdrawn 
through the telescopic pipes indicated in the drawing. The 
arrangement of the connecting-rods and also of the tie 
rods which connect the upper and lower pistons is similar 
to that employed in the earlier engines. The engine is 
also similar to previous models in that there are no bearings 
between the cranks for each pair of cylinders. All the 
crossheads are of cast steel with white metalled slippers. 
The small end bearings are of steel white metal lined with 
floating gudgeon pins, and the big end bearings are white 
metalled steel castings. The design follows the practice 
developed by the company some years ago. The crank- 
shaft is in two parts with an extension shaft outside 
the fly-wheel for the outboard bearing, which is arranged 
between the fly-wheel and the generator. 

CaM SHAFT AND VALVES. 

Turning to the valve and pump drive arrangements, it 
may be noted that the cam shaft is mounted on the front 
of the engine just below the fuel valves, as shown in the 
right-hand drawing. It is carried in forced lubricated 
bearings mounted on brackets attached to the cylinder 
casing. The cam shaft is driven from the crankshaft 
through the medium of a vertical shaft, with a skew gear 
drive at each end. A Michell footstep bearing at the 
bottom of the vertical shaft is provided. 

FuEeL Pumps aNnD FUEL VALVES. 

The drive for the fuel pumps is from the fuel pump 
cams through rocking levers to the underside of the fuel 
pump guides. The rollers at the cam end of the levers 
are fitted with needle bearings. The pumps are of the 
standard Bosch pattern. In the size of pump used on this 
large engine a relief valve is fitted in the high-pressure fuel 
delivery line in order to guard against the generation of 
excessive pressures in the system. The fuel regulation is 
carried out through the medium of a shaft running along 
the engine, which is mounted in ball bearings attached to 
the underside of the scavenge belt castings. Arms 
mounted on this shaft are coupled to the fuel pump 
racks, the regulation shaft at the fly-wheel end of the engine 
being connected through a telescopic link to the governor 
arms. This telescopic link is necessary in order to enable 
the throttle valve to operate the fuel pump racks inde- 
pendently of the governor. A trigger and shaft is provided 
on each line in order that the pumps may be cut out 
independently by moving the trigger along the underside 
of the lever until the pump end of the lever is lifted suffi- 
ciently far for the lever to clear the peak of the cam. The 
governor is of the firm’s standard type, which is employed 
on its steam turbines and oil engines, and it is arranged 
so that the weights do not begin to move out before an 
engine speed of approximately 155 r.p.m. has been 
reached. In order to obviate the delivery of heavy charges 
of fuel oil through the injection valves during the starting 
period a hand regulator or throttle is employed. This 
throttle gear is of importance, as it enables the operator 
to run the engine at any desired speed below the governed 
speed. This feature is also useful in that the engine, on 
starting, can be brought up to speed gradually, while 
after making adjustments or after the overhaul of any 
part has been carried out the engineer can keep the engine 
ticking over at a slow speed while carrying out his examina- 
tion. Actually, the engine, it was demonstrated, will turn 
over at less than 50 r.p.m. with complete absence of mis- 
firing and without any irregularity in the functioning of the 
injection system. An emergency governor connected to 
the gear operating on the fuel pumps comes into operation 
if the speed rises above a predetermined figure. The 
emergency governor turns a shaft which runs along the 
main casing of the engine below the cam shaft and 
operates bolts which, in the case of an emergency stop, 
come into operation and lock the fuel pump plungers at 
the top end of the stroke clear of the fuel pump levers. 
This emerg2ncy cut-out provides a means of stopping the 
engine entirely separate from the throttle which operates 
the racks. 


Arr STARTING ARRANGEMENTS. 


Four of the eight cylinders of the engines are provided 
with air starting valves. Starting air is delivered to a 
master valve operated from the control position and from 
there to timing valves opened by hardened cams on the 
cam shaft. From the timing valves the air passes to the 
cylinders through non-return valves mounted on the 
horizontal centre line of the cylinder and shown on the 
drawing. The arrangement of air starting is very efficient, 
the maximum pressure required being 400 lb. per square 
inch and the volume of air used is very low. The 
engine can be started down to a pressure of 140 lb. per 
square inch. The starting air arrangement provides that 
the non-return valve on the cylinder does not lift unless 
the pressure in the cylinder is less than the pressure of the 
starting air. 

The fuel valves are two in number per cylinder and are 
arranged diametrically opposite each other on the trans- 
verse centre line of the cylinder. There are five holes in 
each nozzle, arranged horizontally. The injection valve 
bodies are adequately cooled and the complete injection 
valve and holder can be removed in two or three minutes 
by the uncoupling of two union nuts. The maximum 
pressure in the fuel line on full load is approximately 
5000 Ib. per square inch. Each injection valve is fitted 
with an air relief and charging valve, and this feature, 
together with the priming device on the fuel pump, enables 
the whole injection system to be primed and exhausted 
of air after any cleaning or adjustment has been made. 
Normally there is no need to prime the engine even after 
standing for some considerable time. 


LUBRICATING Ort PUMPs. 


As regards auxiliaries, the lubricating oil pump which 
serves the piston cooling system as well as all the bearings 
is of the gear type. It is mounted on the end cover of the 


crank case remote from the fly-wheel and is driven through 
speed increasing gearing and a flexible coupling and runs 
at 368 r.p.m. The delivery from the pump is divided into 
two distinct systems. 


There is a low-pressure system for 





the supply of the main bearings, big ends, top ends, cross- 
heads, cam shaft, upper crosshead guides and outer 
bearing, while the higher-pressure system is used solely 
for piston cooling. The circulating pump for supplying 
the water to the cylinder jackets forms a separate unit. 


STARTING AND ManceuvriInG ConTROLS. 


As regards the control gear, the controls are grouped at 
ground level in the position shown on the drawing repro- 
duced on page 516. We found the control gear very 
simple. The lever on the left is the throttle which operates 
the fuel pump racks, while that on the right of the control 
sector box controls the starting air. The small button 
shown just above this lever is the emergency trip, while 
the lever adjacent is for re-setting. A further lever on 
the middle platform near the governor enables the 
emergency trip gear to be operated from that position and 
also reset. The large wheel shown is the hand-operated 
speeder gear which enables the speed of the engine to be 
raised or lowered over a wide range. This gear can also be 
electrically operated from the switchboard through the 
medium of the motor shown in the lower part of the 
drawing. 


INDICATING GEAR. 


The indicator gear is mounted on the rear engine casing 
at lower platform level and a very simple drive is obtained 
for the instrument barrels by means of levers pinned to 
short shafts passing through the casing. The lower levers, 
which are inside the casing, are fitted with rollers which 
are pressed against the tie rods connecting the engine 
pistons by means of a spring between the upper levers. 
These levers are outside the casing and the instrument 
cords are connected to their upper ends. When the indi- 
cators are not in use the rollers can be drawn out of contact 
with the tie rods by the movement of a cam between the 
upper pair of levers. 

The calculated brake mean effective pressure of the 
engine described is about 65 1b. per square inch and the 
indicated mean effective pressure 81 Ib. per square inch. 
At a crankshaft speed of 214 r.p.m. the piston speed is 
785ft. per minute ; the scavenge air pressure is 1-8 lb. per 
square inch. 

ACCESSIBILITY OF WORKING Parts. 
Although at first sight it might appear that the main 


reciprocating parts of the engine were somewhat inac- 
cessible, our examination showed that this was far from 
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being the case. This may be illustrated by reference to 
the process of piston withdrawal. By the introduction of a 
distance piece between the piston and its crosshead, an 
upper piston can be removed in less than half an hour and 
both pistons from one cylinder in a little longer than that 
time. Oil engine users will appreciate the advantages 
resulting from the fact that this removal and the subse- 
quent re-assembly can be carried out without disturbing 
any high-pressure joints or bearing surfaces. The cylinder 
liners can be removed without disturbing any of the 
principal parts except the scavenge pump upper crosshead, 
upper. and lower pistons, and, of course, the valves which 
are attached to the central zone of the liner. Our investi- 
gation showed that the matter of accessibility had received 
the careful attention throughout the whole engine. 


TriaL RESULTS. 


Above we show the fuel consumption figures, which 
indicate an unusually high thermal efficiency for a unit 
of this type. The fuel rate at the optimum point is as low 
as 0-364 lb. per B.H.P. 


Some OTHER ENGINES. 


In going through the shops it was brought to our notice 
that the English Electric Company has supplied many 
Fullagar engines to the British Admiralty over an extended 
period, and in addition to the 3500 B.H.P. unit above 
described, there were, at the time of our visit, in course of 
manufacture two 1475 B.H.P. engines and alternators for 
the Surat Electricity Company, one 980 B.H.P. unit for 
the Sudan Light and Power Company, one 980 B.H.P. unit 
for the Gold Coast Railways and many others. While 
this article deals principally with the English Electric 
Fullagar engines and particularly with the 3500 B.H.P. 
unit, it is not out of place to mention the firm’s “‘ K ” and 
“L” type four-stroke cycle engines, some of which, 
including several 1000 B.H.P. engines, we were permitted 
to see on test and in the course of erection. We were 
informed that the English Electric Company has on order 
at the moment approximately 28,000 B.H.P. of oil engines. 

The “‘ K ” type engines range up to 450 B.H.P. and are 
used extensively for oil-electric marine propulsion and for 
oil-electric shunting. A 47-ton L.M.S. shunting loco- 
motive of this type with a 350 B.H.P. engine was on trial 
during our visit to Rugby, and its quietness in operation 
and the very near approach to vibrationless running was 
demonstrated. 

Some of the “L”’ type, which is manufactured up to 
1000 B.H.P., were seen in course of erection and test, and 
have been in operation for several years in all parts of the 
world, including large installations for the British Broad- 
casting Corporation, British Air Ministry, and other 
Government Departments. A striking contrast to the 





3500 B.H.P. engine described was the 200 B.H.P., 1500 
r.p.m., six-cylinder English Electric oil engine, which is 
manufactured for oil-electric railcars. Six of these 
engines are being constructed for rail coaches for the 
Ceylon Government Railways. They are being made 
at the company’s Rugby works, the electrical equipment 
at the Bradford works, and the coaches and complete 
assembly and testing at the Preston works. It is of 
interest to record that all the engines above referred to are 
of entirely British design and that they are manufactured 
in the works originally associated with Willans and 
Robinson, Ltd., one of the pioneer firms in the manufacture 
of the Diesel oil engine in this country. 
(Zo be continued.) 








SIXTY YEARS AGO. 


THE great exhibition at Philadelphia organised to 
celebrate the centenary of the United States imdepend- 
ence closed its doors to the public on November 10th, 
1876. Although we had gone to the trouble and expense 
of sending a special representative to the exhibition and 
had published numerous and lengthy reports from his 
pen we were hostile to it from the first and reviewing it 
in our issue of November 17th after its conclusion we could 
find nothing to say in its favour. It was to be hoped 
that public opinion, so we wrote, would state in authori- 
tative terms that there must be no more international 
exhibitions for a century. The Centennial exhibition had 
opened badly with squabbles between the Government, 
the exhibition authorities, and the dignitaries of Phila- 
delphia. A lack of liberal feeling pervaded every depart 
ment of the show, so much so that in certain cases the 
judges had been unable to hold the intended competitive 
trials. Large as the ‘‘ Centennial’ was it would always, 
we said, have the reputation of being the smallest and 
meanest exhibition ever held. The majority of the foreign 
exhibitors, we thought, were exceedingly sorry that they 
had ever taken part in the show. Some of them would 
certainly be still more sorry when they found their devices 
and designs reproduced in the States and sent to our 
markets by men who held that while protection was 
the best thing in the world free trade in the ideas of other 
men was very nearly as good. Of the benefits in the way 
of an international exchange of ideas which the organisers 
urged upon intending exhibitors as an inducement to take 
part in the show little would be received by those not of 
American nationality. The best American engineering 
firms we stated had not participated in it, with the result 
that the American department represented on the whole 
just what would be expected in the case of a country not 
very far advanced in the art of construction. Even 
among the English and French exhibits the number of 
things which were good and new was very small while the 
German participation, we said, only served to cover that 
country with disgrace. We suggested that it would be a 
good thing if in future manufacturers one and all declined 
to have anything to do with international exhibitions. 
If such a general refusal to exhibit were held to be un- 
courteous it might be possible to arrange a scheme whereby 
the organisers would undertake to indemnify any manu- 
facturers who lost money by exhibiting. If it were argue« 
that this plan would act to prevent exhibitions from being 
held because as a rule exhibitors made losses instead of 
gains we would reply that that argument constituted not 
an objection to the scheme but its best feature. 








COLUMBITE. 


Many inquiries have recently been received by the 
Mineral Resources Department of the Imperial Institute. 
South Kensington, concerning the sources and the market- 
ing of columbite. These indicate that in Great Britain 
and on the Continent there is a wider commercial interest 
in this hitherto valueless mineral, for which there is already 
a definite and an increasing demand. For many years 
certain tin producers working alluvial and other surface 
deposits in Nigeria were troubled by variable amounts of 
the then useless mineral columbite, which occurred with 
the tin ore and could be separated from it only with diffi- 
culty. Columbite was, moreover, an objectionable con- 
stituent from the tin smelters’ point of view, and being of 
much the same density as tinstone, it could not be removed 
by the hydraulic methods used for tin dressing, so that 
those tin ore producers who were particularly troubled by 
columbite had to apply electromagnetic separators to 
remove it. During the last few years research has indi- 
cated several uses for columbium (niobium), chiefly in the 
manufacture of stainless steel. The addition of ferro- 
columbium (containing 50 to 60 per cent. columbium) to 
certain chromium-nickel steels reduces their tendency to 
in ular corrosion, especially when they are exposed 
simultaneously to heat and chemical attack. It is also 
claimed that the addition of ferro-columbium renders these 
stainless steels more ductile. In the United States the 
process has reached, if not already passed, the large-scale 
experimental stage and, as a result, the annual con- 
sumption of columbite in that country already amounts 
to several hundred tons, the price for the mineral being 
in the neighbourhood of £70 per ton delivered. Thus, a 
mineral until recently regarded as valueless and rather 
rare, has now a small but growing market. Furthermore, 
those Nigerian tin producers who had stacked their 
columbite as waste dumps found that they had retained a 
valuable asset, and in one instance the resultant windfall 
enabled a company to double its dividend. Columbite 
is known to occur in other parts of the Empire, and if the 
demand continues the supplies from Nigeria will no doubt 
be augmented by material from other countries. 








THe Middlesex County Council is to invite tenders 
for the construction of a bridge over the river Crane at 
North Hyde Watersplash. The whole scheme, which 
includes the construction of two new sections of road, 
the widening of a section of the existing lane, and the 
provision of a footpath, is estimated to cost some £22,500. 
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Rail and Road. 


AT an estimated cost of £97,500, a new by-pass road is 
to be built on the Stafford—Wolverhampton road just 
north of Wolverhampton. 


ONE person was killed and a number injured when a 
train at Szezesliwic, on the new Random—Warsaw line, 
was run into by an electric train during a fog on Novem- 
her 6th. 


‘THE Swedish Government has granted a concession 
for the electrification of the privately owned railways 
which connect Gothenburg with the Norwegian frontier 
vid Mellerud and Kornsjé. 


‘THE lowest tender for the construction of the Samanoud 
Bridge over the Nile was £151,293 from Krupps. The 
lowest figure tendered by British companies was £171,796, 
from Dorman, Long and Co., Ltd. 


Durie the year ended June 30th last the United States 
Bureau of Public Roads had 300 railway level crossings 
eliminated and at the end of the year contracts had been 
placed for the removing of a further 1240 crossings. 


LECTURING on road transport statistics at the Institute 
of ‘Transport, Mr. A. E. Kirkus said that the number of 
tramway undertakings in Great Britain at the end of 1924 
was 235, which number had decreased to 98 in 1935. The 
route miles during the same period decreased from 2624 
to 1620. 

UnpEerR the Government Guaranteed Loan Scheme, 
several Great Western Railway stations are to be improved. 
At Criecieth the station buildings are to be extended and 
the platforms raised to standard height. At Ashton Gate 
the two platforms are to be extended southwards to 
465ft. in length, and the buildings extended and improved. 
Other stations included in the scheme are Horfield, Truro, 
Kidderminster, Aberystwyth, Glyn Heath, Sydney, and 
St. Agnes. 


Work on the relining of the Summit tunnel, through the 
Pennines, on the London, Midland and Scottish Railway 
line between Lancashire and Yorkshire, has been in progress 
since 1930. This tunnel, which is 2885 yards long, was 
built in 1839 for the Manchester and Leeds Railway to the 
designs of George Stephenson. It took nearly 24 years 
to build at a cost of £251,000. Repairs are being carried 
out without interference to the train service, which in 
some days amounts to 500 trains a day. To protect the 
workmen a special system of warning bells is in use, these 
bells, which are fixed near the site at which work is going 
on, being operated by a look-out man from the mouth of 
the tunnel. Another look-out man is also stationed 
near the working party, and he repeats the warning to 
each man, who must acknowledge it. 


Ir is sometimes forgotten that there has been a direct 
freight service to the Continent for ten or twelve years, 
vid the Harwich and Zeebrugge ferry. It is largely used 
by foreigners, but less by British exporters. The Inter- 
nationales Giiterkursbuch (time-table issued by the 
European administrations in connection with inter- 
national goods traffic) provides for a service from London 
(Bishopsgate and Spitalfields stations) to most countries 
on the Continent. A service for fruit and perishable goods 
runs from Chiasso in Italy to London (Spitalfields), vid 
Basle, Montzen, Zeebrugge and Harwich train ferry, in 
conjunction with the London and North-Eastern Railway. 
This service takes approximately 39-42 hours from Chiasso 
to London, inclusive of all stops for frontier formalities, 
and is one of the fastest freight train services in Europe. 


EXTENSIVE changes in the lay-out of the East Ham and 
Barking By-pass are proposed by the Essex County 
Council, at an estimated cost of £27,800. The improve- 
ments will be carried out over a distance of 1} miles east 
of the borough boundary of East Ham, and will include 
the provision of dual carriageways and cycle tracks. The 
by-pass is one of the principal means of communication 
between London and the industrial part of Essex, and 
traffic on the eastern section increased from 12,700 tons 
daily in 1931 to 22,300 tons in 1935. It is proposed to 
widen the present carriageway to 30ft., and construct 
another of the same width, separating the two by a central 
reservation. The two cycle tracks, each 9ft. wide, will be 
separated from the carriageways by verges and between 
the tracks and the boundary of the road will be two 5ft. 
footpaths. 


A NEw railway bridge over the Missouri River at St. 
Charles, which with its approaches is about 14 miles long, 
has been opened. The bridge cost over 3,000,000 dollars 
to build, and includes two cantilever arms, each 156ft. 
long, and a 312ft. suspended span. The anchor arms are 
431ft. and 274ft. long, and there is a 316ft. simple span. 
A minimum vertical clearance of 56ft. above high water is 
provided in the navigation opening. Silicon steel has been 
used for the primary load-carrying members of the trusses. 
Of the five main piers, four rest on solid rock, 70ft. below 
low water, and one is on a concrete pile foundation. 
Work on the bridge started in 1930, was discontinued late 
in 1931, and resumed in April, 1935. The new bridge 
replaces a structure built in 1871. When it was built 
the main span of the old bridge, 321ft. in length, was the 
second longest in the United States. 


We are informed by tae London and North-Eastern 
Railway that the programme for the renewal of locomotives 
and rolling stock this year has made good progress. 
So far this year 4802 wagons and 593 new carriages have 
been built and placed in service, together with fifty-six 
new locomotives. Included in the new locomotives are 
four sister engines to the ‘‘ Cock o’ the North ’’ and three 
mixed traffic engines of the “Green Arrow” class. Of 
the new locomotives, twenty have been built at Darlington 
Works, nineteen at Doncaster Works, and the remainder 
by private firms. The Company is to construct 121 new 
locomotives during 1937. Included in this number are 
fourteen streamline ‘* Pacific’ engines of the “ Silver 
Link’ class. A furtner eleven engines of the ‘ Green 
Arrow * mixed traffic type are also to be built, together 
with thirty-two locomotives of the ‘‘ Sandringham ” 
4-6-0 express passenger type for service on main line 
and secondary passenger trains. Thirty-eight six-coupled 


freight locomotives, together with twenty tank engines of 


Miscellanea. 


A NEW company with a nominal capital of £1,000,000 
is being formed by the Duffield Iron Corporation, entitled 
Duffield Electric Metals. 


His Royal Highness the Duke of Kent has kindly 


December 9th, at Bolsover, in Derbyshire, the new coalite 
plant of Low Temperature Carbonisation, Ltd. 


A SUBSIDIARY company of Imperial Chemical Industries 
of Australia and New Zealand has been registered in 
Melbourne to develop the Australian alkali industry. 
It is expected that works costing one million pounds 
will be constructed and the tidal land of the Port Adelaide 
River will be ysed for the recovery of salt and the manu- 
facture of soda alkalis. 


Tue General Purposes Committee of the London 
County Council has recommended that the Council 
should seek parliamentary powers to secure the abate- 
ment of nuisances due to noise in London. These powers 
make it the duty of the local authority, if satisfied that a 
noise nuisance exists, to serve a notice requiring its 
abatement, and in default of remedy to take summary 
proceedings to obtain an order in court for the abatement 
or prohibition of the nuisance. Nuisance is defined as 
any excessive or unn noise which is both injurious 
or dangerous to health and capable of prevention or 
mitigation in the circumstances of the case. 


Tue Government of India has decided to establish 
eight new broadcasting stations in the major provinces 
at a cost of 40 million rupees. According to Indian 
Engineering, the scheme provides for 1-kW medium-wave 
stations at Trichinopoly, Dacca, Lucknow (or some other 
suitable place in the United Provinces), and Lahore ; 
a 5-kW medium or short-wave station at Madras; a 
5-kW short-wave station in Calcutta; twin 5-kW short- 
wave stations at Delhi (one of which is to be transferred 
subsequently to Bombay when experiments are com- 
pleted), and a }-kW medium-wave transmitter at Pesha- 
war, to be taken over from the North-West Frontier 
Province Government. 

A note in the Industrial Bulletin of Arthur D. 
Little Inc. describes the recently introduced ‘“ Tocco 
Process’ for surface hai ing steel electrically. The 
new process is specially adaptable to and already in com- 
mercial practice for crankshafts, but may prove suitable 
elsewhere, particularly in quantity production of suitable 
shapes and requirements. In this method low-voltage, 
high-amperage current passes through inductor blocks 
surrounding, but not touching, the area to be surface 
hardened. A current is thus induced in the surface 
itself, and creates the necessary heat. At the proper 
time the current is cut off and the surface quenched by 
a spray from a built-in water jacket. Close control of 
hardening conditions and a surface-hardened zone blending 
gradually into the core are claimed. 


At the opening meeting of the Royal Society of Arts 
the chairman, Sir Henry Mc on, announced that the 


for industry who have attained to eminence in creative 
design. The object is to encourage the improvement 
of industrial design by enhancing the status of the 
designer in the public regard. The designation of the 
new distinction is ‘‘ Designer for Industry,’’ and recipients 
are entitled to use the letters “ D.I.” to indicate their 
possession of the award. The number of holders of the 
distinction is not at any one time to exceed thirty, and 
the following ten persons have been selected as the first 

recipients :—D. Cockerell, E. Gill, J. H. Mason, H. G. | 
Murphy, K. Murray, T. Purvis, H. Stabler, F. Taylor, | 
G. Sheringham, and C. F. A. Voysey. 


ProFEssor JOSEPH HusBanpD, who has just retired on 
reaching the age limit from the Chair of Civil Engineering 
at Sheffield University, after having spent nearly forty-five 
years at the Technical School, subsequently, University 
College and afterwards University Applied Science 
Department, was entertained to luncheon at the Royal 
Victoria Hotel, Sheffield, on November 5th, by old 
students and friends who had assembled from all parts 
of the country for the purpose. One hundred and fifty-one 
of them had subscribed to a presentation fund, the outcome 
of which was the gift of a silver salver bearing a suitable 
inscription and the names of the subscribers, and a cheque 
for £127 10s. Professor Husband, in acknowledging 
the honour done him, remarked that he had spent prac- 
tically all his working life at St. George’s-square, Sheffield, 
in one position and in the same institution, and that 
fact had enabled him to keep in touch with the oldest of 
his old students. He had corresponded fairly regularly 
with two or three hundred old students, and it had given 
him the greatest pleasure when he had been able to advise 
or help them in connection with anything they were 
designing and constructing. 


In collaboration with the Meteorological Office of the 
Air Ministry, Professor F. A. Paneth and Dr. E. Gluckauf, 
working at the Imperial College of Science and Téehnology, 
have developed methods for the automatic collection and 
subsequent analysis of air samples from the stratosphere. 
From the first results, published # year ago, it was con- 
cluded that up to 18 kiloms. no definite change in the 
chemical. composition of the stratosphere occurred, but 
that at a height of 21 kiloms. the relative amount of the 
light gas helium had already distinctly increased. During 
the last few months this has been confirmed by further 
successful flights reaching more than 23 kiloms. Similar 
investigations have lately been started by Professor E. 
Regener, in Stuttgart, using larger balloons ; inone of his 
samples from more than 28 kiloms. height he d ined 
the oxygen content and found a deficit, in good ment 
with the helium surplus detected in the London flights. 
The oj two air samples obtained by manned strato- 
sphere lloons confirm these findings: Prokofiev’s 
sample collected over Russia in 1933 at a height of 
19 kiloms. showed no variation in its composition ; but 
the air brought back by Captain Stevens in America from 
22 kiloms, already revealed a slight oxygen deficit. All 
this supports the conclusion that from about 20 kiloms. 
onwards the stratosphere is quiet enough to permit a 





the 2-6-2 type and six shunting engines, make up the total. 





partial separation of its constituents by gravity. 


Society is instituting a new high distinction for designers | 


Air and Water. 





} 
| A LARGE shipbuilding yard is being built on the shores 
| of the White Sea, about 37 miles from Archangel. 

Durine the first nine months of this year, 4368 ships, 
| with @ total gross tonnage of over 33 million tons, passed 


consented to open, on the afternoon of Wednesday, | through the Suez Canal. 


THE airport at Sydney, Australia, is to be named tie 
Kingsford Smith aerodrome, and on it improvements 
costing £74,000 are to be made. 


E1enr tank ships have been ordered from Dutch ship- 
yards by the Royal Dutch Shell Group. The ships will 
have a total carrying capacity of about 84,000 tons. 


Tue Canadian Minister of Transport recently announced 
that it is expected that an air route from England vid 
Ireland and Newfoundland to Montreal wil! be in operation 
by 1938. 

THe intimate technical association of Burmeister and 
Wain, of Copenhagen, with Harland and Wolff. Ltd., of 
Belfast, which has existed for over a quarter of a century: 
will, it is announced, be further cemented by the residence 
of Dr. H. H. Blache in Belfast as from the beginning of 
next year. 


Aw American airways company has inaugurated an air 
service for the carriage of freight only between New York 
and Chicago, with mtermediate stops at Philadelphia, 
Pittsburgh, Columbus, and Indianapolis. Multi-engined. 
all-metal machines with a carrying capacity of 3500 lb, 
will be used. 

Four new Japanese air lines, with a total length of 
nearly 1000 miles, are shortly to be opened. The new 
routes are between Tokio and Niigata, Osaka and Nagano, 
Osaka and Matsue, Osaka and Kochi. Among other 
projected new routes are one between Tokio and Sappora 
and one from Osaka to North Korea. 

During the gale in the Channel on November 8th the 
Hamburg-Amerika -Lines motor ship “ Isis”? sunk with 
the loss of all hands but one. The “ Isis’ was a twin- 
serew motor ship of 4454 tons, and carried a crew of about 
forty. The gale, which was blowing for four days, caused 
considerable delays to shipping and air services. 

AT a recent meeting of the General Committee of 





Lloyd’s Register of Shipping, the Right Hon. Lord Aber- 
conway and Mr. B. N. Banaz were elected members 
of the General Committee. At the same meeting, Mr. 
S. J. Pigott was elected as one of the representatives of 
shipbuilders and engineers on tie General Committee. 


An order for six ships valued at one million pounds ias 
been placed by the Clan Line with the Greenock Dock- 
yard Company. The Clan Line states that this order is 
an extension of its present building programme. The 
company has five new ships under construction. Two 
of the vessels have been launched, but have not yet been 
harided over to the owners. 

Ar the beginning of July there were 2402 air ports and 
landing fields in the United States, and 7403 licensed and 
1764 unlicensed aircraft. Out of a total of 15,204 pilots 
licensed to fly, 7162 were transport pilots. It is proposed 
to add many new meteorological stations along the United 
States air routes, while additional high-altitude observing 
stations are also contemplated. 

ENGINEER-CaPTAIN T. SPALDING has been appointed 
to the post of Engineer Captain-in-Charge, R.N. Engi- 
neering College, Keyham, in succession to Engineer 








Captain R. C. Boddie, who has completed three years in 
this post. In the near future the number of midshipmen 
and sub-lieutenants (E) under training at Keyham will 
rise as a@ result of increased entries of cadets. 


Tue Court of Inquiry which investigated the loss of 


the coasting steamer “ Kentbrook,’’ with her crew of 


seven, has found that the cause is unknown. The ship 
was in good condition as to hull and equipment. Regari- 
ing the freeboard assigned to this type of ship, the court 
suggested that the adequacy of the existing regulations 
might well be considered by the Board of Trade. 

Tue Canadian Minister of Transport has announced 
that air mail services over the prairie sections of the trans- 
Canada route will be in operation next spring, and later 
across the Rockies to Vancouver. The entire service for 
air mail will be in operation by next summer. The new 
service will provide an important link in the Empire 
airways, for loads flown across the Atlantic will be able to 
continue their journey over to the Pacific, where a flying- 
boat service will enable them to be taken on to Hong Kong 
and Australia. 

AccorRDING to an annuncement by Blackburn Aircraft, 
Ltd., an agreement is about to be completed between the 
company and William Denny and Brothers to manu- 
facture aircraft at Dumbarton in a factory to be con- 
structed east of Denny and Brothers’ shipyard. It is 
expected that the factory will be built and equipped in 
about nine months’ time. The new works will be managed 
by Denny Brothers. It is intended that ultimately the new 
factory should specialise in the construction of flying- 
boats, but in the first instance it will be employed in the 
production of one of the types of machine required by the 
Air Ministry programme. 

A FEw preliminary details, indicative of the size ani 
performance of the six Boeing Clippers to be built for 
Pan-American Airways, are given in Flight. These flying 
boats will weigh over 82,000 Ib., and will be capable of 
carrying more than sixty passengers. There will be sleep- 
ing accommodation for forty. Measuring 152ft. in span 
they will be 109ft. long and 28ft. high, and will have a 
maximum speed of about 200 m.p.h. The machines will 
be internally braced high-wing monoplanes of all-metal 
construction with sponsons as lateral stabilisers. As in 
our own Short Empire boats, there will be two decks, the 
upper housing an elaborate control cabin, crew’s quarters, 
and baggage compartment, and the lower containing day 
and night passenger accommodation, galley, lavatories, 
and dressing rooms. Gangways will be provided in the 
wings to the engine nacelles to permit inspection and 
servicing of the engines during flight. The nature of the 
power plants has not yet been divulged, but it is expected 
that there will be six engines. 
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CAPITAL SHIPS AND AIRCRAFT. 


WHEN, last summer, the Prime Minister appointed 
a sub-committee of the Committee of Imperial 
Defence to inquire into the question of the vulner- 
ability of capital ships to air attack, he can hardly 
have doubted what its findings would be. This 
inquiry was instituted in deference to public 
opinion, which had been disturbed by the sweeping 
claims made by extreme partisans of the air arm, 
and was, therefore, inclined to question the wisdom 
of building any further capita] ships, particularly 
as such vessels are notoriously expensive. We 
have no hesitation in saying that among earnest 
students of defence problems there was never any 
doubt as to the necessity of retaining the capital 
ship as the backbone of the Fleet. In our view, 
much mischief has been done by self-appointed 
authorities whose knowledge of naval strategy is, 
to say the least, elementary. They appear to 
believe that the decisive area in a future war in 
which this country may be involved will be repre- 
sented by a narrow strip of water surrounding 
our coasts, over which shore-based aircraft might, 
in daylight and in favourable weather conditions, 
exercise a fairly complete control. They seem 
incapable of realising that the essence of Britain’s 
naval problem is the protection of seaborne trade ; 
which connotes the power to provide adequate 
defence at any point along the 80,000 miles of sea 
routes which constitute the trade arteries of the 
British Commonwealth. 

The report of the sub-committee, published 
last week, covers a fairly wide field, and we 
are glad to observe that it is not confined 
to the purely technical points at issue. Marked 
emphasis is laid on the strategic aspect of 
the ship versus aircraft problem, and the con- 
clusions reached by Sir Thomas Inskip and his 
colleagues will, on this point at any rate, command 
widespread agreement. They remark that, although 
our Fleet may have to operate in comparatively 
narrow waters, it may also have to do so in oceanic 
areas which cannot possibly be controlled, or even 
reached, by our shore-based air forces in their 


} | power, acting independently, could help us. 


British capital ships were available, an enemy 
would be able to place his own heavy vessels 
astride our oceanic trade routes, whence aircraft, 
unsupported by capital ships, would be quite 
powerless to dislodge him. The report might have 
reinforced this argument by recalling the situation 
that existed in November, 1914, when the British 
defeat at Coronel gave the victorious German 
squadron under Admiral Spee temporary mastery 
of the west coast of South America, and, in view 
of his intention to make for the Atlantic, threatened 
to place one of our most vital lines of communica- 
tion in grave jeopardy. The peril was averted by 
the prompt despatch of two capital ships to the 
threatened area, where they were fortunate enough 
to locate and destroy the German squadron. It 
might well happen in a future war that our com- 
munications would be similarly threatened in an 
area thousands of miles from the nearest British 
air base, in which case it is difficult to see how air 
The 
report also reminds us that even where an area 
of sea does lie within range of aircraft operating 
from the land, it is far from certain that ships within 


25|that area will necessarily be subject to attack. 


Air partisans, it is pointed out, first select an air 
base and then, with a pair of dividers, mark out a 
zone into which, as they claim, no ship can enter 
without being detected and sunk. That is rightly 
condemned as a one-sided representation of the 
case. “The matter is by no means so simple,” 
observes the report. “The hours of darkness, 
weather, the special training needed for oversea 
navigation, and the great areas which aircraft will 
have to reconnoitre in order to find their enemy, 
are all factors which in practice will have great 
influence.” 

The case against the capital ship could, in our 
judgment, be dismissed on strategic grounds alone, 
but the sub-committee has rightly conducted a 
searching examination into the more technical 
aspects of the question. From this point of view 
the report is less illuminating, since it was neces- 
sary in the public interest to suppress most of the 
evidence on which its conclusions are based. The 
fact that trials to determine the penetrative power 
of bombs and the strength of deck armour capable 
of resisting them have been in progress ever since 
1921 is not generally known. Full details of these 
numerous tests were laid before the sub-committee, 
which is satisfied that the Admiralty has obtained 
the data necessary to calculate the thickness of 
horizontal plating required to keep out bombs of 
different types and weights which might be 
dropped from high, low, or medium altitudes. 
It is both interesting and reassuring to learn that 
the experience gained has been embodied in ships 
undergoing modernisation, and that the lessons 
will be incorporated to an even greater extent in 
the new capital ships about to be laid down. At 
the same time, the report makes it clear that these 
experiments and tests have not, in the opinion of 
the sub-committee, been carried out as thoroughly 
as they might have been, and in more than one 
paragraph the Admiralty and the Air Ministry are 
urged to co-operate more closely than they appear 
to have done up to now in their efforts to obtain, 
by practical experimentation, the data necessary 
for a more exact calculation of the effect of bomb 
attack on naval targets. It is more than likely 
that the public will be particularly impressed by 
the following sentence from the report :—‘‘ We 
have given full consideration to the information 
already available as a result of the various experi- 
ments, and it is plain to us that capital ships cannot 
be constructed so as to be indestructible by bomb- 
ing from the air.”” This, no doubt, will be seized 
upon by the air extremists as a damaging admission, 
though in fact it merely states a self-evident truth. 
So far as we are aware, no naval architect or naval 
officer has ever claimed that a ship could be built 
which would be capable of surviving air attack onany 
considerable scale, but neither have they claimed 
that any ship could be made indestructible by gun- 
fire, torpedoes, or mines. As the report points out, it 
is by no means new for the Admiralty to have to 
review the vulnerability of ships in the light of a 
novel weapon, or to have to adopt special measures 
for their protection. During the past forty years 
capital ship design has been profoundly influenced, 
not to say revolutionised, by the development of 
torpedo and mining tactics, as well as by the 
extraordinary increase in the power of naval 
artillery. The air bomb has simply added one 
more weapon to an already formidable armoury 
which it is the task of the naval designer to render 
as innocuous as possible. Up to now that task has 
been discharged fairly successfully, and we see 





present state of development. If, therefore, no 





no reason why the ingenuity which our constructors 





have displayed in the past should now be baffled 
by a form of attack which differs in no essential 
respect from the plunging fire delivered by guns 


at very long ranges. It has yet to be explained 
why a shower of bombs should prove more deadly 
than a salvo of shell. The bomb, it is true, probably 
contains a much larger bursting charge, but against 
this its penetrative power is considerably inferior 
to that of the gun projectile unless it be dropped 
from a very great height, in which case it would 
probably miss. Air enthusiasts try to make our 
flesh creep by picturing a fleet undergoing a mass 
attack by aircraft raining down bombs by the 
hundred. But if bombs are to be so lavishly 
expended they must needs be comparatively 
light, and their destructive power limited. In any 
case we do not find the prospect of such an attack 
more terrifying than that of rapid salvos from the 
main armament of a squadron of, say, eight 
capital ships, which might be discharging over a 
hundred shells a minute, each shell weighing nearly 
a ton and striking the target with a velocity 
approximately equal to that of a bomb released at 
10,000ft. The report, we are glad to see, exposes 
the myth, sedulously propagated in certain 
quarters, that an enormous number of aircraft— 
variously estimated from 100 to 1000—could be 
built for the cost of one capital ship. The Admiralty 
and the Air Ministry, having jointly investigated 
this matter, are in agreement that approximately 
forty-three twin-engined medium bombers could 
be produced for the same price as one capital ship. 
Which would be the better investment from the 
point of view of national defence we leave to our 
readers to decide, merely observing that the 
serviceable life of an aeroplane is shorter by many 
years than that of a capital ship. But this question 
of relative cost is, as the report remarks, irrelevant. 
The root of the matter is quite simple and is 
cogently put in a few sentences. “If capital ships 
are essential to our security, we must have them. 
We are dependent, as is no other nation, on the 
maintenance of our overseas trade. We have more 
to lose by making a false decision in so vital a 
matter than has any other Power. Yet no other 
great Naval Power, though with less risk than we 
ourselves should run, proposes to do away with 
capital ships. Should we be the first to do so ? 
Surely not, unless the question is settled beyond 
all possible doubt. We do not find that the ques- 
tion is so settled.” 

The whole report is, in our opinion, admirable, 
the results of clear thinking being tersely stated in 
plain language. Except that the possibility of 
the strongest battleships being destroyed by air 
attack is admitted, the sub-committee has wisely 
abstained from ex cathedra pronouncements on the 
technical issues involved. Outside the ranks of 
the extreme air partisans the conclusions presented 
in this weighty document will command almost 
universal agreement. It may be that the large 
sums of money we are about to spend on capital 
ship construction will prove to have been wasted. 
That risk, however, must be taken, for if we decided 
to build no more capital ships and a future war 
found our Air Force incapable of defending trade 
routes menaced by the capital ships of the enemy, 
we should infallibly lose the Empire. 


International Steel Relationships. 


It is one of the bright spots in a troubled inter- 
national outlook that the relationships of the 
world’s steel industries were never on a more 
amicable footing. So much could not have been 
said a year ago. Then the Continental steel 
makers were smarting from the events which led 
up to the restriction of imports into Great Britain. 
Their resentment was understandable, for they had 
enjoyed the freedom of the British market for so 
long that they had come to regard their position 
in the light of a vested interest, and there were 
instances of expenditure upon plant having been 
undertaken for the purpose of supplying British 
consumers. A year’s working of the Cartel agree- 
ment has done much to remove this sense of injury 
and to promote a spirit of co-operation. Without 
attempting to examine the reactions of buyers at 
home and abroad, it cannot be denied that the 
international arrangements which have been 
reached have materially benefited the producers. 
Events have contributed to the smooth working 
of the agreement between the Cartel and the 
British steel industry. The enormous home demand 
in Great Britain has minimised the importance of 
export orders to the British makers and has enabled 
the Continental steel quota plus supplementary 
tonnages of semi-finished steel to be easily absorbed. 











On the other hand, it is difficult to imagine how the 
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steel makers of France and Belgium would have 
retained their export markets in view of the 
increased cost thrust upon them by the recent social 
legislation of their Governments had not the inter- 
national arrangements made it comparatively easy 
for them to raise their prices. The Germans, too, 
have found it possible to abandon in part their 
somewhat unsatisfactory barter schemes and return 
to more orthodox commercial methods. Even 
those steel industries not included in the Cartel 
organisation have supported the modern doctrine 
of co-operation by entering into price maintenance 
understandings with the Cartel. There are, how- 
ever, important industries which have so far held 
aloof, the chief of which are the Japanese and the 
Russians. Of the United States, the largest steel- 
producing country in the world, it can only be said 
that whilst there is no hard-and-fast agreement, 
it would be surprising if something in the nature of 
an entente with the British industry does not exist. 

Whatever opinion may be held of the activities 
of the European Steel Cartel or regarding its influ- 
ence for good or ill upon the world’s economic struc- 
ture, a tribute must be paid to the patience, skill, 
and determination of those who have built up the 
organisation. Once it collapsed, but it was re- 
formed, and the knowledge gained from failure 
was turned to good account. The present Cartel— 
the official title of which is l’Entente Internationale 
de l’Acier—exercises control over the steel indus- 
tries of France, Germany, Belgium, and Luxem- 
burg. Representatives of these industries meet at 
intervals and fix the members’ export quotas, 
which the national Cartels subdivide between the 
various works. The central Cartel has set up 
selling organisations which fix the prices of finished 
steel for the various export markets, and to which 
all orders are referred for distribution to the works. 
Each country possesses its own comptoir, and, in 
addition to looking after its national products, 
these organisations have also to supervise the dis- 
tribution of products upon an international basis. 
For instance, the Luxemburg office looks after 
bars, the Diisseldorf after plates, and the Paris 
after joists. The association of the British works 
with the Cartel is founded on the agreement of 
August, 1935, which, in addition to regulating 
imports into this country, provides for the division 
of the world’s export trade between the Cartel 
and the British steel makers, upon the basis of the 
overseas trade transacted by each country in the 
year 1934. It will be readily understood that these 
airangements are necessarily complicated. The 
plan, so far as export trade is concerned, is directed 
to fixing prices in foreign markets at the best figure 
obtainable, and this involves an intensive study of 
local conditions and the possibility of outside com- 
petition. The need for this specialised knowledge 
has brought into existence huge offices, complete 
with staffs of economic advisers, statisticians, 
accountants, liaison officers, sales managers, and 
a professional equipment not unlike that of a 
Government department. This applies more par- 
ticularly to the Continental offices, the cost of 
which must be extremely heavy ; but since no one 
can accuse either the British or Continental steel 
makers of being unbusinesslike, the expenditure 
merely illustrates the value attached to these new 
and ambitious business methods. 

Judging by the present attitude of those asso- 
ciated in the Cartel, it would seem probable that 
the organisation will be extended within the next 
few years, if it is not disrupted by some violent 
international convulsion, and that industries now 
maintaining their independence will be brought 
into the fold. So far the Japanese have been the 
most troublesome outsiders, and their competition 
has seriously disarranged the Cartel’s plans in more 
than one market, particularly in the East. It is 
claimed, however, that this competition is a factor 
of diminishing importance, since Japanese costs 
are rising, principally owing to the higher prices 
of imported scrap. It is upon Russia that the steel 
makers of other nations are turning an anxious 
eye. Already, Russian pig iron has been sold all 
over the world on competitive terms. So far as 
steel is concerned, Russia hitherto has been an 
importer on a large scale, principally, it is thought, 
for armament purposes. Sooner or later her 
requirements of foreign material will decline, and 
she may then prove a formidable competitor for 
export trade. The situation is also complicated by 
the position of Empire steel makers. India does 
not make sufficient to provide for her own wants, 
but the possibilities of increased production in that 
country must not be overlooked. Canada is both 
an importer and an exporter, the first because some 
districts can be more easily served from abroad 
than from her own producing districts, whilst of 





late years she has been sending increasing quantities 
of bidets and rods to Great Britain under the right 
of free entry which she possesses by the terms of the 
Ottawa Agreement. Canadian activities, in fact, 
have disturbed British and Continental makers, 
and negotiations are proceeding with the object of 





persuading the Canadians to accept a quota. These 
discussions illustrate the kind of troubles that the 
Cartel must face with equanimity, but there are 
many in this country and abroad who visualise a 
time when the whole of the world’s steel trade will 
be organised on the basis of existing agreements. 
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SPECIAL CEMENTS. 
HE first on the list of subjects considered at 
the second International Congress on Large 
Dams, which opened in Washington on September 
7th, in connection with the World Power Conference, 
was that of Special Cements, particularly those suit- 
able for the construction of large dams and of water- 
retaining structures. The scope of the reports sub- 
mitted to, and of the discussion which took place at 
the Congress meetings was restricted to considera- 
tion of certain specific aspects of the subject, includ- 
ing: Unsatisfactory results arising from excessive 
heat of hydration, particularly when normal Portland 
cement is used; the chemical, physical, and 
mechanical characteristics of special cements intended 
for use in large dams ; and the programme of future 
research work in regard to such cements. The two 
most important papers submitted for discussion 
were the American report on ‘ Special Cements for 
Mass Concrete ”’ (to which further reference is made 
hereunder) and the interim report of the Sub- 
Committee on Special Cements, which was issued in 
draft form in April, 1936. The latter is the work of 
a Sub-Commission, or Committee, of the International 
Commission on Large Dams appointed in October, 
1934. Its Chairman is Mr. Bo Hellstrém, and it 
includes representatives of Belgium, Czechoslovakia, 
France, Germany, Great Britain, India, Japan, 
Norway, Sweden, Switzerland, and the U.S.A. 
Many of these countries, including Great Britain, have 
appointed national sub-committees to collaborate 
with the International Committee. In Great Britain 
a joint committee of the Institution of Civil Engineers 
and of the British National Committee on Large 
Dams has been responsible for the special research 
work already carried out in this country at the 
request of the international organisation, much of 
which has been done at the Building Research Station, 
Watford. 


INTERIM REPORT ON SPECIAL CEMENTS. 


The draft interim report was circulated among 
the National Committees represented on the Com- 
mittee in April of this year, and some of the sixteen 
individual reports from nine separate countries, 
which were considered at the Congress, are supple- 
mentary to the Committee’s report or in the nature 
of criticism of it. The report is entitled “ Interim 
Report on Methods of Testing Cement in regard to 
Heat of Hydration, Action on Cement by Water 
Percolating through Concrete, Shrinkage, Per- 
meability, and Workability.”. Its contents may be 
summarised as follows :— 

Heat of Hydration.—A tentative standard specifica- 
tion for testing the heat of hydration of cement based 
on the adiabatic principle is suggested, the details, 
however, being subject to further investigation now 
in progress. An investigation of testing the heat of 
hydration by observing the temperature rise of 
cement mortar in thermos flasks has been carried 
out, and a description of these experiments is given. 

Action on Cement of Water Percolating through 
Concrete.—-Experiments of testing the action on 
cement of water percolating through cement-mortar 
plaques have been made and compared with an 
extraction method of determining the solubility of 
hydrated, pulverised cement shaken with water, 
and also with a method of determining the action 
on cement-mortar plaques of a jet of water. An 
account of this investigation is given and a tentative 
standard specification submitted. 

Shrinkage.—Details are given of a German standard 
specification for testing shrinkage of cement mortar. 

Permeability.—Certain recommendations for testing 
permeability are submitted. 

Workability.—Investigations of testing according 
to two different new methods have been carried out, 
and an account of these experiments is given. 

It should be noted that the programme of work 
adopted by the International, Committee includes 
investigation of the possibility of obtaining a cement 
or cements suitable for use in large dams, and, if 
possible, the making of recommendations thereon. 
The Committee also set out to make suggestions as 
to routine methods to be used for the testing of 
special cements, and to organise experimental work 
for this purpose in several countries. It is not, 
however, proposed that the Committee should evolve 
a special cement with low heat of hydration and high 
resistance to attack, but rather that it should 
enunciate and specify the special properties desired 


Question III.— 





in cements for large dams which are not covered 
by the usual specifications. 

The list of the fifty-eight reports, prepared by or 
at the request of National Committees for the assist- 
ance of the international organisation, which is 
given in the Interim Report, is sufficient evidence 
of the world-wide interest in the subject. These 
reports are far too voluminous for inclusion in the 
Committee’s report; among them are accounts 
of methods of testing in use in different countries 
and reports on experimental work carried out for 
the Committee by several national organisations. 
Of the American contribution to this work the 
International Committee says: ‘‘ During recent 
years considerable experience has been gained in 
the U.S.A. with reference to the use of low-heat 
cements. Although the American member of the 
Sub-Committee has submitted extensive and valuable 
reports on the questions under discussion, it is felt 
that the Sub-Committee has not been able to take 
full advantage of American experience, and has for 
obvious reasons mainly dealt with European practice. 
It will therefore be of great advantage to study 
special cements and methods of testing at the forth- 
coming Congress in the United States.” 


THE AMERICAN MONOGRAPH. 


The important American paper to which reference 
has already been made, ‘‘ Special Cements for Mass 
Conerete,” a volume of 230 pages, was not made 
available to members of the Congress until the eve 
of the discussion. The author is Mr. J. L. Savage, 
chief designing engineer of the U.S. Bureau of 
Reclamation, who has been assisted in compiling 
the record by several of his staff at Denver, Colo., 
including Mr. R. F. Blanks, who represented him at 
the Conference in his capacity as rapporteur of 
** Question IIT.’’ It is unfortunate that there was 
little time for examination:of this very interesting 
paper before the meeting on September 9th. It 
contains the most authoritative and complete account 
of the cements and concretes used in the construction 
of recent large American dams that has hitherto been 
published. 

The paper contains, first, a general discussion of 
the problems of mass concrete construction leading 
to the development of special cements. It describes 
the evolution of special cements in the United States, 
and particularly emphasises the six main types of 
cements that have been used in mass concrete. 
The factors which establish the controlling conditions 
of temperature volume change, crack development, 
and durability are considered, and general conclusions 
are drawn from the behaviour and use of various 
types of cements in certain large dams described in a 
later section of the paper. The author forecasts 
the probable trend of future research and develop- 
ment relating to the composition and use of cements 
in mass concrete. A series of short accounts follows, 
describing the results and conclusions of a number 
of the more important laboratory investigations in 
America of cements having special properties, of the 
determination of the relation of the properties to the 
compound composition, and of the establishment of 
specification standards for uniform product. 

An account of the mathematical analysis of tem- 
perature changes of concrete and their control is 
accompanied by curves and formulz for the solution 
of problems pertinent to the subject. A few simplified 
temperature history curves are included in illustra- 
tion of the effect of type of cement, size of mass, rate 
of construction, thermal properties, and exposure, 
on the temperature of the concrete. The wide differ- 
ence in thermal properties of concretes used in various 
dams is shown by the results of an extensive series 
of laboratory tests, and a comparison is made of 
mathematical studies with observed temperature 
records. 

The use of various types of cement in prominent 
massive concrete structures is discussed, and descrip- 
tions are given of the project features and their con- 
struction. Structures and types of cements described 
are :—- 

Arrowrock dam and Elephant Butte dam, in 
both of which ‘‘ sand cement ”’ was used. 

Owyhee dam, constructed with standard Port- 
land cement concrete. 

Morris dam and Boulder dam, each built with 
low-heat cement. 

Norris dam, Grand Coulee dam, and Tygart dam, 
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each an example of the use of modified Portland 
cement. 

Oakland Bay bridge and the San Francisco pier 
and fender of the Golden Gate bridge, for which 
modified cement was used in order to obtain 
increased resistance to sea water and the action of 
sulphate solutions. 


Referring to recent developments in cement manu- 
facture, the author says: ‘‘ Reduction in heat of 
hydration was the first quality to receive attention 
in developing special cements for concrete dams, and 
gave rise to the ‘low-heat’ type. Low-heat Port- 
land cement was obtained by decreasing the com- 
pounds responsible for most of the heat generation, 
namely, the tricalcium silicate and _ tricalcium 
aluminate. This, in turn, necessitated higher per- 
centages of dicalcium silicate and tetracalcium 
alumino-ferrite and resulted in much slower strength 
development. Increased fineness of grinding was 
employed in the manufacture of low-heat cements 
to increase their naturally slow strength gain. Low- 
heat cement was used in the construction of the 
recently completed Morris dam in California, and, 
in conjunction with artificial cooling, in the building 
of Boulder dam. Both of these structures have 
developed unusually little cracking. 

“The slow strength gain of the low-heat cements 
introduced real or imagined complications in con- 
struction procedure at lower placing temperatures 
and rapid rates of construction. As a compromise, 
and also because of the newly discovered unfavourable 
influence of tricalcium aluminate in Portland cement, 
the ‘modified’ or ‘moderate heat’ type was 
evolved. In composition this type reverted back to 
the standard type, as to tricalcium and dicalcium 
silicates, but retained the low percentage of tri- 
calcium aluminate established for the low-heet 
cements. Increased fineness of grinding was also 
specified for the modified type, because the advan- 
tages accruing from finer cements in improved 
workability and other characteristics of the concrete 
were quite pronounced. The average modified cement 
develops strength at practically the same rate as 
standard. It attains higher ultimate strength under 
mnass concrete conditions and generates 10 per cent. 
less heat than standard cement, as against 27 per 
cent. less heat for low-heat cement. Modified cement 
was used in Norris dam in Tennessee and is being 
used in building the Grand Coulee dam in Washing- 
ton, for which artificial cooling is also being employed.” 
PAPERS ON SPECIAL CEMENTS. 


OTHER CONGRESS 


Sweden contributed six papers on the subject of 
cement :—Dr. Lennart Forsen, chief chemist of the 
Skanska Company, summarises a ‘‘ New Tentative 
Standard Specification for Cement in Sweden.” 
This has not yet been adopted. It is based on three 
years’ work of the Royal Swedish Institute for 
Engineering Research in co-operation with the 
Swedish cement industry and concerns six types of 
cement—rapid-hardening Portland, standard Port- 
land, slow-hardening Portland, pozzolana-cement, 
blast-furnace slag cement, and aluminous cement. 
The tests proposed as compulsory are Vicat setting 
time, compression and tensile strength by the 
Haegermann method, using plastic mortar, Le 
Chatelier test for soundness, heat of hydration (for 
low-heat cement only) by the method adopted by the 
International Committee, lime-combining capacity, 
and chemical composition of the slag as defined in the 
German Standard Specification. 

Dr. Forsen also prepared a report on ‘‘ Swedish 
Special Cements for Hydraulic Structures,” in which 
he describes the composition and properties of several 
special cements produced and used in Sweden since 
1932 for hydraulic structures exposed to unilateral 
water pressure. Attached to this report are separate 
papers in which Mr. G. 8S. Lalin and Major Wester- 
berg describe the use of high-silica cement (low-heat 
and slow-hardening) in the construction of the 
Vargén dam* and the conclusions to be drawn from 
three years’ experience. Mr. A: Ohman records the 
use of “ Pansar Silicate’ cement—also a low-heat 
and slow-hardening product—in the Krangede dam.t 
This is a combination of silicate cement with 10 per 
cent. pozzolana. The concrete resulting from its 
use has a high resistance to dissolution of CaO. 
Another variety, known as “ Pansar A,” is a com- 
bination of standard Portland cement with 20 per 
cent. pozzolana, and is similar to the Pansar-silicate 
in its resistance to solution and in the possession of 
low-heat and slow-hardening characteristics. Its 
employment in the construction of the Dejefours 
power dam in Sweden is described in a paper by Mr. 
Nils Berg, of the V.B.B. Stockholm. 

The Swedish and Norwegian Sub-Committees on 
Special Cements contribute a useful “Survey of 
Recent Scandinavian Literature on Special Cements 
for Dams and Water-resisting Structures.” 

Dr. F. Vogt and Mr. J. Rutle (Norway) are 
responsible for a paper on “‘ Special Cement Tests,” 
which criticises certain aspects of existing standard 
cement specifications and emphasises the inadequacy 
of many of the prescribed tests to ensure the use of 
cements specially suitable for dam construction. 
The authors point out that “the five items already 
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taken up by the (international) Sub-Committee on 
Special Cements (heat of hydration, attack of water, 
shrinkage, permeability, and workability) cover 
important phases of the problem, but not all of them.” 
One of the properties of concrete to which the authors 
attach high importance is extensibility and the 
ability to “‘ flow.” 

Messrs. K. Baalsrud and K, Friis (Norway) sum- 
marise “‘ Fifty Years’ Experience of Concrete in 
Norwegian Dams.” The climatic conditions in con- 
nection with the acid and pure water derived from 
melting snow have afforded material for interesting 
experience which the authors describe briefly. It 
may be mentioned by way of example that in 1890 
a comparatively large river dam was built of a mixture 
proportioned “‘not leaner than 1:6:10,’ mixed 
by hand and with a comparatively dry consistency. 
This dam is now badly deteriorated and is to be 
replaced by a new one. Later dams have almost 
invariably been built with mixtures proportioned 
1:3:5, many of them with a facing of richer con- 
crete. In spite of improvements in the technique of 
workmanship, the results have frequently proved to 
be indifferent and in a few cases altogether unsatis- 
factory. The report directs attention to the con- 
clusions submitted by the Norwegian Committee on 
Concrete in 1930, after examining eighty-seven dams. 
“Tt points out that seven important dams have had 
to be completely rebuilt because of the poor quality 
of the concrete, and also that there are very few dams 
wholly free from possible damages to which concrete 
is liable. Effects due to freezing are particularly 
pointed out. These are important as far as Norway 
is concerned, because the temperatures prevailing 





in winter may be as low in the mountaims as 40 deg. 


Cent. below zero. It is also pointed out that the 
water of Norwegian streams is both pure and acid, 
therefore possessing a strong dissolving action on 
lime. In reference to this, it should not be forgotten 
that snow, and water due to melting snow, possess 
a much larger proportion of carbonic acid, whether 
in a free or a dissolved state, than ordinary water.” 

The authors say that the Norwegian cement used 
has been of a standard type and quality, and that 
such aggregating materials as trass, &c., have been 
tried without apparent benefit. ‘‘In view of the 
destructive forces mentioned, it is indispensably 
necessary,” the authors write in conclusion, “to 
make provision for the tightest possible concrete, 
the proper constructive measures, as well as for 
suitable subsequent treatment whilst the concrete 
is setting, so as to avoid undesirable temperature 
rises. The experiences obtained do not as yet give 
any clue to methods of improving the Portland 
cement used in dam construction, and from a strictly 
practical point of view the difference in chemical 
proportions which may be obtained in Portland 
cement is of less importance than the difference 
occurring in the quality of the concrete on account 
of variation in the materials (sand and stone), and 
on account of the manner in which the concreting 
itself is carried out. It is therefore of the greatest 
importance that the practical way of carrying out 
the job should first of all be improved, so as to 
guarantee the invariable outturn of a uniform high 
quality product without any weak parts, such as 
construction joints, &c.” 

(To be continued.) 











YHE sixteenth Annual Report of the Electricity 
Commissioners shows that the year ending March 
31st, 1936, witnessed a continuation of the trading 
and industrial recovery of the preceding year. As 
measured by the Board of Trade index of production, 
there was a general improvement in the main groups 
of manufacturing industries in Great Britain, and a 
steady growth in the export trade. The total units 
generated by authorised undertakers in 1935-36 
amounted to 18,415 million, an increase of 2525 
million units on the output of the previous year, or a 
growth of 15-9 per cent. The actual increase during 
1934-35, namely, 1715 million units—the largest 
recorded in any year up to that date—was thus 
exceeded by the increase in 1935-36 by as much as 
47 per cent. Particulars relating to the generation of 
electricity by authorised undertakers since 1920-21 
show that the growth of output during the past 
fifteen years has been at the average rate of 935 
million units per annum. 
During the past year the Commissioners made an 
approximate survey of the extent, and further possi- 
bilities of electrical development in Great Britain, 
as disclosed by particulars for the year ending 
December 31st, 1934, obtained from authorised 
undertakers in a return supplementary to their usual 
annual statistical return. The survey disclosed that 
at the end of 1934 the areas of supply of the 625 
undertakings contained about 12,535,000 premises, 
of which about 6,650,000, or 53 per cent., were con- 
nected to the public supply systems. Of the total 
premises, about 10,636,000, or nearly 85 per cent., 
were domestic premises, and about 5,523,000 of these 
or 52 per cent., were connected to the supply 
systems. 
The developments attained by 571 of the under- 
takings had been accomplished by the provision of 
about 26,000 miles of H.T. and L.T. electric lines in 
rural areas of supply and of L.T. mains in about 
30,490 miles of streets in urban areas of supply. The 
particulars showed that these overhead lines and 
low-tension mains were capable of affording supplies 
to a substantial number of additional premises in the 
areas concerned without involving material additional 
expenditure other than that required for services and 


With regard to electricity charges, two-part tarifis 
for domestic supplies were being offered at the end of 
the year 1934 by 506 undertakings, or 81 per cent. 
The running charge or unit rate of these two-part 
tarifis ranged from over 1d. per unit to 4d. per unit or 
less. The fixed or service charge of the tariffs was 
on & variety of bases, the two principal being the 
rateable value of the premises supplied, in the case 
of 217 undertakings, and the size of the premises 
(floor area or number of rooms ete.) in the case of 161 
undertakings. 

The areas of supply of the 506 undertakings which 
offered two-part domestic tariffs contained a popula- 
tion of about 40°55 million inhabitants, and about 
9,474,000 domestic premises, of which about 4,897,000, 
or upwards of 51 per cent., were connected to the 
supply systems in the areas concerned although they 
were not all supplied under two-part domestic tariffs. 
As many as 398 undertakings offered a two-part 
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per unit, the areas concerned including a population 
of about 37 million inhabitants and about 8,647,000 
domestic premises. In the case of 105 of these under- 
takings, the running charge of the domestic tariff 
was $d. per unit or less, the areas concerned contain- 
ing a population of about 16-39 million inhabitants 
and about 3,894,000 domestic premises. 

Assisted wiring schemes were offered by 479 under- 
takings, or over 76 per cent. of the total; one or 
more show-rooms had been provided in 472 under- 
takings, or over 75 per cent.; while arrangements 
for house-to-house canvassing were in force in 360 
undertakings, or upwards of 57 per cent. 

While the survey reflects the substantial progress 
made in the development of the public supply 
throughout Great Britain, it also discloses the poten- 
tialities still before the industry at the end of 1934. 
These were represented by about 5,885,000 uncon- 
nected premises, of which about 5,113,000, or approxi- 
mately 87 per cent., were domestic premises, apart 
altogether from the possibilities of securing an 
extended consumption of electricity for existing and 
additional purposes in the premises already con- 
nected to the supply systems. It is also apparent 
that considerable scope still exists for the provision 
or adoption by authorised undertakers of such 
necessary adjuncts to commercial development as 
show-rooms, canvassing, assisted wiring schemes, and 
two-part tariffs for domestic supplies. As a conse- 
quence of the general availability of bulk supplies 
directly or indirectly from the grid system on more 
uniform terms than hitherto, the conditions have 
become increasingly favourable for the adoption by 
authorised undertakers of more uniform methods of 
charge for supplies to consumers, and in particular 
for the offer of a two-part domestic tariff with a low 
unit charge. 

The units generated during 1935 showed a resultant 
increase of nearly 2098 millions, or about 12-4 per 
cent., on the figures for 1934. The larger output was 
accompanied by an increase of 1,020,790 tons, or 
8-9 per cent., in the amount of coal and coke con- 
sumed, but there was a slight falling off of 150 tons 
in the amount of oil fuel used at generating stations 
as compared with the year before. The steam 
power stations included in the return accounted for 
95-3 per cent. of the total units generated, and the 
average number of units produced per ton of coal 
and coke consumed in such stations amounted to 
1469 in the case of the stations of authorised under- 
takers to 1346 units in the case of the stations of 
railway and tramways authorities, and to 816 units 
in the case of the stations of non-statutory under- 
takings. The effect of the progressive improvements 
in steam power station practice, which have taken 
place in the stations of authorised undertakers 
during the past five years alone, is shown by 
the fact that the average number of units generated 
per ton of coal and coke consumed has increased from 
1200 units in 1930 to 1469 in 1935, 7.e., by over 22 
per cent. 

The number of stations dealt with in the return was 
twelve less than in the previous year, the difference 
being accounted for by the closing of twenty-seven 
stations before January Ist, 1935 ; by the puttmg mto 





domestic tariff with a running charge of 1d. or less 





commission of six new stations, including Tir John 
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North and the Gienlie and Tongland hydro-electric 
stations of the Galloway Water Power Company ; 
three new selected stations for the grid system ; and 
two stand-by stations, and by the inclusion 
in the return of seven other existing stations 
which had previously been operated on a non- 
statutory basis, but became part of the authorised 
undertakings during the year. 

The sales of electricity by authorised undertakers 





in 1935 reflected the further improvement in indus- 
trial conditions which took place during that year, 
and showed an increase of 1768 million units, or 
13-8 per cent., as compared with the figures for 1934. 
On the basis of the estimated population of Great 
Britain in 1935, namely, 45-6 million inhabitants, 
the sales of electricity from public sources of supply 
in that year thus represented an average consump- 
tion of approximately 319 units per head. 








Letters to 


the Editor. 


(We do not hold ourselves responsible for the opinions of our correspondents.) 


ib epactanninen 


RAILWAY ELECTRIFICATION. 

Srr,—In handling industrial statistics, where a variety 
of influences have been at work, it is always very difficult 
to know how far particular effects can safely be assigned 
to particular causes. During the recent conflict between 
rail and road interests, however, information was sub- 
mitted by the railway companies that would seem to 
afford material for a reasonably fair comparison of traffic 
results achieved by the S.R. and by the railways of Britain 
as a whole. 

It will be noted that, as between the two boom years 
of 1929 (=100) and 1935, the diminution suffered by 
the §.R. has been substantially below the average. If 
there is at present a tendency to lag, we may surmise 
it is because the S.R., having been practically unaffected 
by the intervening slump, has little or no leeway to 
make up. Graphs appearing in yesterday’s issue of the 
Railway Gazette bring this out even more clearly than 
the figures, which are quoted from the same source. 


Southern Railway (Originating Tonnage, millions ; 1929=100). 
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1934. 


1935, 
149- 
76- 
80-¢§ 
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1930. | 1931. | 1932. 
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Totals for Britain. 


80- 
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89-2 2-6 
92- 2-6 
92-3 31-4 


Coal class 

‘Other minerals 

Merchandise... . 

Total freight... ... 

Freight receipts 
(1929 = £100) 


93-2 84-8 | 76-2 | 


Even if Mr. Richardson could substantiate his con- 
tention regarding this lag, however, I feel it would have 
little relevance to my own proposals, since segregation 
or partial segregation of fast and slow traffic such as I 
suggest would greatly increase the aggregate capacity 
of the system. For that matter, electrification has in 
itself often been found conducive to such an end—as in 
the ease of the Ore Railway, in Sweden, over which con- 
version is stated to have brought about a trebling of 
carrying power and so averted the need for a second 
track. 

I enclose a map showing that alternative non-electrified 
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routes would be available everywhere from London as 
far as Liverpool, Manchester, and Leeds. The speeding 
up of goods over these sections should more than com- 
pensate for any possible delays in the East Lancashire 
and West Riding areas referred to by Mr. Richardson. 





After the admission made by so severe a critic of elec- 
trification as the writer of the articles appearing in your 
columns during July, I had indeed hoped I might be 
safe in pleading for conversion of these suburban areas 
on their own merits. Wherever there is a danger of con- 
gestion, it is clear that there must already be a traffic 
density of some six or seven million units, at which 
latter figure conversion is estimated to yield 10 per 
cent., without any intensification of passenger services. 
When it is remembered that an immense volume of long- 
distance freight could be worked over the electrified 
lines by night, as well as intensified passenger se-vices 
by day, it will be seen that the case for a continuous 
electrified system is indeed very strong. 

Nor do I think Mr. Richardson is on any firmer ground 
when he turns to the consideration of potential improve- 
ments in locomotive design. A Garratt locomotive of the 
type to which he refers would have eight driving axles 
loaded to the maximum of 18 tons allowable for the 
track ; whilst two electric locomotives would have eight 
driving axles between them and would be capable of 
slipping their axles in addition to possessing greater even- 
ness of torque. It would be natural, therefore, to suppose 
that the two electric tractors would be perceptibly more 
powerful than the Garratt, and such an expectation has 
been fully borne out by actual experience. In a test made 
on a Garratt locomotive in 1929, a train of 1117 tons was 
hauled from Durban to Cato Ridge at an average of 
16-4m.p.h. This portion of the line is now electrified and 
two electric locomotive units are found to be capable of 
hauling the same load under the same conditions at 
21 m.p.h. The ruling gradient appears to be | in 66 for a 
considerable part of the way, but portions are level or, 
for short distances, down grade. 

Supposing, however, the thermal efficiency of the steam 
engine could, by one means or another, be raised from 
6 per cent. to 8 or 9 per cent., according to Sir Josiah 
Stamp, fuel charges account for only 25 per cent. of loco- 
motive costs—i.e., 94d. out of a total of 3s. 2d. per train 
mile, as shown graphically in the Weir Report. It is 
unlikely, therefore, that this figure could be reduced below 
2s. lld. per train mile, at which level it would still be in 
excess of the corresponding cost for electric traction 
(inclusive of interest at 5 per cent.) wherever traffic 
densities were over 3,500,000. 

At a time when the railways have within their reach a 
wonderful opportunity for modernising their equipment it 
would seem vital that the short view, such as caused 
selection of the narrow gauge in preference to the broad, 
should for once be avoided. Under unified control from 
the beginning it is thought that British railways would 
have evolved as a fundamental trunk system for the 
leading cities, supplemented by lines of lighter con- 
struction to penetrate and develop less densely populated 
areas. Such an economic ideal might even yet be realised 
in terms of electrified and non-electrified tracks, and the 
above project has received favourable comment in the 
Railway Gazette for September 2Ist, 1934, and the 
Economist for April 18th of the present year. 

It is easy to understand Mr. Richardson’s solicitude 
with regard to over-capitalisation, as expressed again in 
his further letter of October 28th. But to electrify one 
route out of the three between Liverpool and Manchester, 
as Mr. Rettie suggests, or to convert some 800 route miles 
out of a total for the country of 19,000, in accordance with 
my own proposals, does not seem a very extravagant 
proceeding, especially when it is borne in mind that the 
resulting accelerations would be felt by places far beyond 
and on either side of the electrified sections. If it has 
been found profitable to construct the Forth Bridge at a 
cost of between £3,000,000 and £4,000,000 in order to 
bring the east coast of Scotland an hour or so nearer the 
South, it would seem not unreasonable to spend £30,000,000 
or £40,000,000 to bring the industrial North an hour or so 
nearer London, with two or three times the present fre- 
quency of service. Figures supplied me by the Southern 
Railway some months ago indicate how the total volume 
of traffic may be increased in this way :— 

Number of Passengers between London Termini and Stations 
Serving Brighton (viz., Central, Preston Park, London Road, 
Hove, Aldrington, and Holland Road). 

Season-ticket Other 

holders. passengers. 

(Before electrification). 

2,272 . 1,559,226 

2,154 ... . 1,554,201 
(After electrification). 
a ey ee. Naw 
1935 é 2,383 ... 2,114,558 


Progress would probably have been much greater, but 
for the shortage of houses in the Brighton area. 
When it is remembered what a huge stimulus electri- 


1931 
1932 





fication would give to the building industry, it will be 
seen that the Government is far more likely to provide 
finance for electrification schemes than for the modernisa- 
tion of steam equipment. If interest charges relating 
to conversion on the 8.R. had been on a 3 per cent. basis 
(such as will be in effect on the L.N.E.R.), the figure of 
99-7 per cent. quoted by Mr. Richardson as the ratio 
between gross expenditure and gross revenues would have 
been only 98-9 per cent. In this connection it might be 
mentioned that during the great depression the 
L.M.S.R. and L.N.E.R. were subjected to more drastic 
economies than the other two groups. It would seem 
fairer, therefore, to compare the 8.R. with the G.W.R. for 
which the figure is 102-2 per cent., instead of with the 
northern groups for which it is 100-1 per cent. 

There are many other points on which I should like to 
touch. The annual loss to the country owing to atmo- 
spheric pollution, for instance, is estimated at £60,000,000, 
of which probably some 10 per cent. is due to the railways. 
(It is surely of little relevance that factory and locomo- 
tive smoke does not produce fog in the dry air of Canada, 
when the effect in this country is manifestly so different.) 
If the above scheme were to effect a saving of only £600,000 
under this heading, such a sum would, from the national 
point of view, more than cover any loss that could con- 
ceivably result from the scheme. 

With regard to the Blackpool proposal, it will be found 
that at any time of year the traffic from Preston is well 
above the density required for economic electrification. 
And by providing additional accommodation so that two 
or more trains could have their locomotives changed 
without an intervening interval, it should be possible to 
avoid congestion at the “ frontier ” station. 

However, I do not claim to have technical knowledge 
on such a point, and will close with the suggestion that 
the whole question of electrification is sufficiently con- 
troversial and of sufficient public importance to justify 
a further official inquiry, at which the rival schools of 
thought might feel that their respective views were at 
last receiving adequate consideration. 

K. H. Jounston. 

99, Clifton Road, South Norwood, S.E.25, 

November 9th. 


Srr,—With reference to recent correspondence in your 
columns regarding the electrification of the Southern 
Railway, it would be interesting to know what reasons 
Mr. Richardson has for his statement that the lag in 
freight traffic receipts on that railway is in all probability 
due to the electrification of the passenger services in the 
London suburban area. Although I understand that the 
Southern’s operating department does not find the pro- 
vision of paths for frieght trains over certain electrified 
sections an easy task, I do not think they regard the 
problem as an insoluble one, and in any case a good deal 
of the electrified area consists of four or more roads, 
alternative routes are often available, and most of the 
freight trains can be worked at night. It is true, of course, 
that the circulation of such trains is forbidden over a 
great part of the suburban lines during the periods of peak 
traffic, but this prohibition is no novelty and was in force 
for many years prior to grouping. At the company’s 
annual meeting on February 27th last the chairman 
referred to the decrease in the receipts from freight traffic 
and indicated that the cause was due largely to (a) falling 
off in building development and road-making, (b) reduced 
rates and conveyance of traffic for shorter distances, 
(c) conditions on the Continent. 

Mr. Richardson also mentions as a point against the 
Southern’s suburban electrical system that the trains seat 
only 650 passengers, as compared with 1028 seats on the 
L.N.E. steam-hauled suburban trains. Several varieties 
of stock are used on Southern electrified suburban routes, 
and the most usual consists of two three-coach motor 
units with a two-coach trailer set, seating 652 or 662 
passengers, according to the type of trailer used. The 
length of Southern electric suburban trains is 
governed by platform and other fixed limits, while certain 
loading gauge restrictions forbid the use of the six-a-side 
stock which is a prominent feature of the L.N.E. suburban 
services. Other considerations, however, have an influ- 
ence on the pattern of vehicle used. Traffic on the 
L.N.E. (G.E. section) lines is practically all handled at 
one terminus (Liverpool-street), whereas on _ the 
Southern eight terminal stations are available, with in 
many cases alternative routes. Moreover, I do not 
think the trains with 1028 seats (an eight-bogie set with 
three six-wheelers) can be regarded as any more typical 
of L.N.E. suburban services than the nine-coach trains 
the Southern use on the Tattenham Corner and Caterham 
service (708 seats) or the eleven-coach units (898 seats) 
which run on Brighton reliefs and excursions during the 
summer months. 

Mr. Richardson complains that there is a marked 
reticence on the part of the Southern Railway to submit 
statistics of any real value regarding their electrification 
schemes. I can only direct his attention to speeches by 
the general manager and by the chairman at the 
company’s annual meetings, all of which are on public 
record, and make it clear that electrification, so far as 
the Southern Railway is concerned, is a paying proposi- 
tion. Some interesting statistics are to be found in THE 
EncarneEEr for May 3rd, 1935. At the last Southern annual 
meeting the chairman stated that the average return on 
£23,000,000 which the company had spent on electrifica- 
tion, docks, and road transport investments was 8} per 
cent., and the number of passengers carried in 1935 was 
349,241,000, an increase of 11,299,000 on 1934, and a record 
for the company’s existence. In these circumstances it 
certainly looks, to say the least of it, as though there is 














Nov. 13, 1936 


THE ENGINEER 





525 











something more to be said for electrification on the 
Southern than mere condemnation. 
November 10th. 


SELEc. 

[Our correspondents will be interested in the paper on 
“The Progress of the Southern Railway Electrification,” 
read by Mr. E. C. Cox before the Institute of Transport 
on Monday last, November 9th and partly reprinted on 
page 529.—Ep. Tux E.] 


HEATING OF LUBRICATING OIL. 


Sir,—In a recent issue of THE ENGINEER, I note a 
letter from Mr, Wilfred E. Gooday, in which he says that 
there is a general impression that it is undesirable to heat 
lubricating oil above 180 deg. Fah. previous to re-claiming 
or filtering. 

I can assure your readers that no damage is done to any 
standard lubricating oil, even by heating to much 
higher temperatures, provided the oil is free from water. 
It sometimes occurs, however, that a used lubricating oil 
is contaminated by water, and under these circumstances 
it may be preferable to keep the temperature well below 
the boiling point, as otherwise a development of steam can 
cause agitation of the mass, resulting in rather persistent 
emulsions and the idea of keeping the temperature, 
down to 180 deg. Fah. probably originates in this way. 

Germ Lusricants, Ltd., 
J. E. Sourucomse, Technical Director. 

Salford, 3, Lancashire, November 5th. 








The Ferranti Repeater. 


THE remote indication of the position of some piece 
of apparatus which has a range of movement between 
fixed limits is frequently required in works. The need for 
such indication occurs, for example, in connection with 
the storage of liquids and gases and adjustable regulating 
apparatus, such as simple dampers and voltage regulators. 
It is desirable where (1) the movement to be repeated is 
comparatively inaccessible, as in the case of fluid level 
in a storage tank on the roof of a building ; (2) where for 
reasons of co-ordination it is desirable to concentrate a 
number of indicators at a special indicating position ; 
and (3) where the movement to be repeated is itself remote 
controlled. Remote indication is usually performed elec- 
trically, and a common form of indicator consists of a volt- 
meter movement connected to a potentiometer, the 
moving contact of which is mechanically coupled to 
the moving part that has to be repeated. The scheme 
has the merit of requiring only two wires between the 
transmitter and repeater, but presents two disadvan- 
tages. In the first place, the accuracy of the indication 
depends on the constancy of the circuit voltage feeding 
the potentiometer, and as the present regulations of the 
Electricity Commissioners allow a voltage variation of 
plus or minus 6 per cent., errors up to that amount may 
arise. Further, if the movement to be repeated occurs 
in steps, a variation in voltage equivalent to half of one 
step will result in an incorrect indication, and with a 
possible 6 per cent. excess or deficiency in voltage, such 
trouble will occur if the total number of steps exceeds 
eight. Some improvement can be effected by the use of a 


non-linear scale, but if the number of steps is much greater 
than eight, an undesirable scale may be necessary. 
The second objection to this scheme is the potentio- 


these disadvantages. For the following details of this 
repeater we are indebted to Mr. G. L. Porter, who is on 
Messrs. Ferranti’s technical staff. 

The desired result is obtained without complications, 

















FiG. 2—REPEATER WITH CASE REMOVED 


and by means of a simple single-phase circuit requiring 
only three wires. The iron circuit of the repeater (Fig. 1) 
consists of a curved limb with uniform air gaps 
between it and the two sections of the split return limb, 

















FiG. 3—REPEATER 


which are concentric with it. Identical coils surrounding 
each end of the main limb are magnetically opposed, so 
that the whole flux produced leaks across the air gap 
between the main and return limbs. As the coils are con- 





meter’s lack of robustness with its resistance wire and 
Trouble, as the result of bad contact, is liable 


contacts. 
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nected in series across the supply, the flux in the air gaps 
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to oceur, particularly in positions in which corrosion of 
contacts is likely and unless the contacts are immersed 
in oil frequent maintenance will be entailed. 

While methods which avoid these difficulties have been 
developed, they are said to be. complicated and costly, 
and the Ferranti repeater has been developed to remove 


1—DETAILS OF TRANSMITTER AND REPEATER 


is practically constant. 
in the proportion of the flux produced by each coil. 
Attached to the pointer is a single turn coil surrounding 
the main limb and free to move along it under no restraint 
other than magnetic damping. 
repelled by both fixed coils and takes up a position of 








The only change that occurs is 


is 


equilibrium at the magnetic neutral plane of the limb 
where the flux is zero. The distance of the neutral plane 
from one end of the limb is proportional to the ratio of 
the flux produced by the coil at that end to the total 
flux, i.e., to the proportion of the total voltage applied 
to that coil. The indicating instrument is shown 
in Figs. 2 and 3. 

The function of the transmitter (Figs. 1 and 4) is to 
vary the proportion in which the coils of the repeater share 
the total voltage across them. It has two coils in series 
connected across the supply, and the junction point 
between these coils is connected to the corresponding 
point on the repeater, so that any inequality in the 
division of the voltage between the transmitter coils 
also appears between the repeater coils and determines 
the position of the pointer. The indication given there- 
fore depends upon the ratio of two voltages, and as varia- 
tion of the supply voltage will affect both these voltages 
similarly, the repeater will be unaffected. 

The movable part of the transmitter which is mecha- 
nically coupled to the float, damper, or regulator consists 
of a piece of iron, the movement of which changes the 
relative impedances of the coils and therefore the pro- 

















FiG. 4—TRANSMITTER 


portion of the total voltage across each. Like the repeater, 
the transmitter is simple and robust. The accuracy of the 
repeater is unaffected by temperature changes, and is not 
dependent on the constancy of control springs, permanent 
magnets, or other similar arrangements. 

As the standard Ferranti repeater operates at 50 volts 
A.C., a miniature transformer is used to reduce the voltage 
from the usual 200-230 volts to that figure. The indicating 
circuit is therefore completely insulated from the main 
supply, which in special cases allows of an earth return to 
be used in place of one of the usual three wires. This is 
of particular advantage where an existing two-wire 
circuit is available, and the provision of a third wire would 
involve considerable expense. The line wires may be 
ordinary 20 Ib. conductors, such as are used for telephone 
work, but if such small conductors are used and the 
distance of transmission exceeds a few miles, it is desirable 
to calibrate the repeater to suit the actual resistance of 
the circuit. 








Impulse Voltage on Transformer 
Windings. 
THE effects of the application of voltage impulses of 
various wave shapes to transformers are analysed theoreti- 
cally and experimentally in a paper presented by Dr. T. E. 
Allibone and Messrs. D. B. McKenzie and E. R. Perry, at 
a meeting of the Institution of Electrical Engineers, held 
on Thursday, November ith. Single and multiple 
transients are considered and the results of oscillograph 
tests on both single and three-phase transformers of 
different winding characteristics are given. The 
constants of the transformers, important in the deter- 
mination of voltage distribution within the windings 
due to the impact of a surge, have been calcu- 
lated and measured, and the effects of altering these con- 
stants are examined. In general, good agreement has been 
obtained between theory and experiment. Other matters 
discussed are the transference of surges from one winding 
to another and the testing of transformers with impulse 
voltages in the light of analytical study. 
The effects of impulse voltages on transformer wind- 
ings have been examined by a number of investigators, 
both theoretically and experimentally, but this subject 
is.of special interest at the present time, when, in an 
attempt to improve continuity of service, electric supply 
authorities and manufacturers are anxious to test elec- 
trical apparatus with surge voltages. Surge voltage 
tests have for some years been applied to transformers 
in Germany and Switzerland with marked improve- 
ment in the quality of the transformers, and recently 
test schedules have been advanced in the U.S.A. and 
Great Britain with the same object in view. These 
tests have only been advanced tentatively pending 
further investigations into the nature of transients 
arriving at transformer terminals, but if benefit is to be 
derived by such investigations it is necessary to be fully 
aware of the effect of different waves on transformer wind- 
ings. In the paper an attempt is made to present the 
subject as simply as possible, and to support the theoretical 
treatment with oscillographic records obtained by a 
carefully checked technique. 
Investigations on the effect of transient voltages on 
transformer windings were originally undertaken in an 
attempt to explain the repeated failures of insulation 
of the end turns. Weed, in 1915, summarised the position 
as follows :—‘‘ Frequent breaks between turns, most 
often the end turns of the windings, pointed to the fact 
that a sudden application of voltage at the transformer 
terminal would not instantly distribute itself throughout 
the winding, but was more or less concentrated at the 
first instant across the end turns.” This initial concen- 
tration, he pointed out, was due to the fact that trans- 
formers possess a certain amount of capacitance distributed 
within the windings, and when a sudden voltage is 
impressed the voltage distribution is governed more by 
the capacitance than by the inductance of the winding. 
Thus the concentration of voltage across the end turns is 
similar to that across a string of line suspension insulators, 
a phenomenon previously investigated by Peek. 





This moving coil 





In the same year as Weed, Wagner analysed the 
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problem of the incidence of a rectangular wave on a 
coil. He assumed the coil to have a uniformly distributed 
capacitance to earth and a uniformly distributed capa- 
citance from turn to turn. He showed how the initial 
distribution of voltage across the coil depended upon the 
ratio of these capacitances, and further showed that, 
after the initial instant of impact, current flows through 
the inductance of the winding until ultimately the voltage 
distribution is governed entirely by the inductance and 
not by the capacitance. Between these two states 
oscillatory conditions obtain, energy initially stored 
electrostatically in the capacitances of the winding 
passing into the magnetic field of the coil and vice versd. 
The alternations have frequencies corresponding to those 
of the fundamental and harmonic modes of oscillation of 
the winding, and the oscillations diminish in amplitude as 
energy is lost in the winding and in the dielectric surround- 
ing it. In later papers he supported the equations by 
oscillograms showing the oscillations at various points 
within the winding. These oscillograms were probably 
the first ever recorded for a coil having distributed capaci- 


tance. To reduce the concentration of voltage across 
the end turns, Béhm suggested the introduction of 


metallic shields connected to the high-voltage terminal 
of the transformer, to shroud the windings in such a 
way as to increase the turn-to-turn capacitance of the 
winding without increasing the capacitance to earth. 

Blume and Boyajian and Schwaiger first measured 
the imitial voltage distribution across the coils of an 
actual transformer, using small spark gaps to measure 
the voltage across each coil, and obtained satisfactory 
confirmation of theory. Blume and Boyajian further 
developed the theory of oscillations within the windings 
to cover the case of a transformer having one end of the 
winding isolated, not connected to earth. 

With the advent of the high-speed cathode ray oscillo- 
graph it has become practicable to measure the voltage 
distributions in windings subsequent to the initial distri- 
bution. Paluefi, Hodnette, and others have examined 
briefly the effect of impulse voltages on core and shell 
type transformers. As a result of these studies designs 
of windings have in some cases been changed, most 
notable being the special shielding of windings advocated 
by Palueff,* following the ideas of Béhm, Torikai, and 
Weed. Apart from these special designs there has also 
been a general tendency to increase uniformly the insula- 
tion between turns in order to increase the impulse strength 
of the winding, though the old problem of the reinforce- 
ment of end turn insulation has not yet been adequately 
solved. Weed stated that reinforcement of end turn 
insulation seemed to be accompanied by higher voltages 
appearing across the reinforced coil, and indicated that 
therefore no gain was achieved by reinforcement, but this 
view does not seem to have been generally held for the 
last fourteen years, as manufacturers still continue to 
employ reinforced insulation across the end coils. 

There does not appear to have been any comprehensive 
check made upon the theories of the effect of different 
impulse voltages on transformer windings, nor any serious 
attempt—except by Bellaschi—to correlate the various 
natural periods of oscillation of the winding with the 
predicted periods. The effect of winding resistance has 
not been examined, nor has the influence of the core on the 
oscillations. An attempt is made in this paper to provide 
correlation between theory and practice relating to a core 
type transformer having uniform winding insulation 
throughout, but the methods followed are applicable to 
any special design of transformer. 








The Facing of Masonry and 


Concrete Dams.7 
sy W. J. E. BINNIE, M.A., M. Inst. C.E. 


THE writer hopes that the following brief description of 
the means adopted at the Shing Mun Dam for the pre- 
vention of the formation of cracks in the water face by 
shrinkage of the concrete, variation in temperature, and 
earth movement, may prove of interest, as he believes 
that the design is novel, although suggested in part by the 
interesting paper on the repairs to the Ringedals Dam, 
Norway, which was contributed by Mr. Chr. F. Groner to 
the Scandinavian meeting. 

GENERAL DESCRIPTION. 

The dam is situated on the Shing Mun River, China, 
being about 12 miles from Kowloon, which is separated 
from Hong Kong by an arm of the sea about one mile in 
width, and forms a reservoir which affords an additional 
supply of water to both communities, which have a gross 
population of about 700,000 persons, a pipe lime being 











laid on the bed of the channel so that water can be trans- | 


ferred from one side to the other. 

The rock of the country is granite, and the dam is 
placed across a narrow gorge, so that, although its height 
above stream bed level is 275ft., the length is only 695ft. 
at top water level. 

Fig. 1 is a cross section of the dam at the deepest part 
of the gorge, and shows it to be a composite structure 
consisting of five different portions, which will be referred 
to as follows :— 

(3) The “ cut-off wall’? to prevent leakage below or at 
the sides of the dam, which is continued above ground 
level to form the lower portion of the ‘‘ water face.” 

(4) The articulated face concrete which will be referred 
to hereinafter as the ‘‘ diaphragm,” forming the main 
portion of the water face. 

(5) The “* thrust block,” which transmits water pressure 
to the remainder of the dam. : 

(6) The “ rock fill,’ which takes a portion of the water 
thrust. 

(7) The ‘‘ sand wedge,” which is interposed between the 
thrust block and the rock fill. 

Cut-off Wall and Water Face of Lower Portion of Dam.— 
This wall is indicated on the cross section, Fig. 1, by cross 





* See Tue ENGINEER April 29th, May 6th, 13th, and 20th 
1932. 

{t Second Congress on Large Dams, at Washington, Sep- 
tember, 1936. 
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hatching inclined downwards to the right. The rock, 
which is fine grained, moderately basic biotite-hornblende 
granite, had been subjected to surface decomposition 
except at the bottom of the gorge, the overlying material 
attaining considerable depths on the right bank of the 
river, sound rock lying sometimes 70ft. or 80ft. below the 
surface. 

The surface of the rock was generally found to be brown 
in colour, due to oxidation of iron, and was permeable to 
water, but as excavation proceeded the quality of the rock 
improved until the compact grey granite was reached, 
which is capable of standing a load of over 2000 tons per 
square foot without crushing. 

The excavation for ‘hs Siaiindion of the cut-off wall 
was carried down until solid grey granite, free from all but 
minor joints, generally filled with impermeable material, 
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Fic. 1—-SHING MUN DAM 


was encountered, and exploratory bore-holes were then 
put down to test the impermeability of the rock below the 
trench, any open joints, which proved to be insignificant, 
being grouted in the ordinary manner. 

The gorge has a width of approximately 40ft. at stream 
bed level (360ft.), increasing to 120ft. at level 453ft., and 
the cut-off wall was carried up to that level in the gorge 
to form the water face, stepping upwards at the sides. 
(See Figs. 1 and 2, which is an elevation of the upstream 
face of the dam.) 

The cement used for all concrete work was slow setting 
and not too finely ground, in order to give a moderate 
rise in temperature when setting, which was found to 
average a Maximum above air temperature of 53 deg. Fah. 
(29-4 deg. Cent.) with the particular mix used for the 
cut-off wall—600 lb. of cement per cubic yard (356 kilos. 
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FiG. 2—UP-STREAM ELEVATION 


per cubic metre)—the concrete crushing at about 260 tons 
per square foot at twenty-eight days. 

The only natural sand available was sea sand, the grains 
of which were rounded and coarse, which was mixed with 
sand artificially produced from crushed granite, the pro- 
portions being determined so as to give a concrete of the 


greatest impermeability. 


All concrete was placed in thin layers, vibrated with 
pneumatic tools, and was brought up in lifts of 20ft. at a 
time, as shown in Fig. 1. It was poured in alternate blocks, 
bonded together by ‘“‘joggles,” the maximum lineal 
dimesions being less than 25ft., in order to minimise 
contraction as the heat was dissipated. 

Strips of copper #/,9in. thick and 24in. in width (see Fig. 1) 
were inserted above ground level to prevent percolation 
at the horizontal junctions between “ lifts.”’ A vertical 
joint, shown on Fig. 1, was made by means of special 
greased paper to separate the back of the cut-off wall 
above ground level from the thrust block (5) to be presently 
described. 

Although no contraction joints have been provided in 
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FIG. 3—HORIZONTAL CROSS SECTION 


this portion of the work, no cracks were detected prior to 
the commencement of impounding in September, 1935. 

Diaphragm.—The diaphragm, which forms the main 
water face, is shown by hatched lines inclined downwards 
to the left in Fig. 1, being an articulated structure divided 
into vertical panels, 25ft. in width, as shown in Fig. 2. 

Each panel was brought up in “lifts” of 20ft. in one 
operation, and is reinforced with horizontal hooked rods 
wired to verticals, so arranged as to form a grill which 
could be lowered into the form as one unit (see Figs. 3 
and 4). The diaphragm is 6ft. thick at the level 453ft. 
reducing to 3ft. at the level 573ft., and continues at that 
thickness to the top. The general face batter is 1 in 3-4 
up to the latter level and 1 in 3-72 above, the buttresses 
against which it rests having a batter of 1 in 3-72 through- 
out. 

It will be seen from Figs. 1 and 4 that the face batter 
stops at two-thirds of the height of each lift, being vertical 
above that level so as to form a step 2ft. in width at the 
junction of successive lifts. 

As the cement was slow setting, and as the concrete 


was to be poured to a height of 20ft. in one operation, it 
became necessary to carry out experiments before the 
forms were designed, to ascertain the lateral pressure which 
would be exerted by the ‘ green ’’ concrete in a semi- 
liquid condition. The panels were cast alternately and 
the steel skin of the forms was supported by lattice girders 
of the queen-post type, spaced 4ft. 4in. apart, the foot of 
the post being inserted in a groove in the step (see Fig. 4), 
which was filled with asphalt (bitumen plus 30 per cent. 
granite dust) when the form had been removed. ‘The top 
of the queen-post extended beyond the form and was tied 
back to the thrust block, temporary timber struts being 
inserted to give the correct width and removed as the 
concrete was brought up. 

The diaphragm rests against buttresses, protruding 
from the thrust block to be presently described, being 
separated therefrom by a layer of ‘‘ Callendrite ’’ bitumen 
sheeting +/;in. thick, specially manufactured to stand the 
maximum pressure to which it would be subjected without 
appreciable compression, which forms a sliding joint. 
The concrete was poured directly against this sheeting and 
timber shuttering was employed to form the void between 
the buttresses, the ends of the shutters being housed in 
grooves formed in the moulded concrete blocks with which 
| the buttresses were faced (see Fig. 3 and Sec. XY, Fig. 4). 
| The steps proved of great benefit in construction, as the 
steel forms could be readily placed by means of a crane 
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FiG. 4—CROSS SECTIONS OF DIAPHRAGM 


erected on top of the thrust block, which was brought up 
in advance, and room was given for the workmen to set 
the forms accurately, a cage being provided to prevent 
accidents. 

“* Callendrite ’’ sheeting was’ placed in vertical strips 
between each panel, and also where the panels butt against 
the solid portion of the face works. The bottom of each 
panel was also separated from the solid face concrete on 
which it rested by a strip of similar sheeting, the percola- 
tion of water through this joint being prevented by a 
copper strip built into the solid face concrete below and 
carried up into the diaphragm, the width of the strip 
varying from 2ft. to lft. according to the water pressure. 
A similar copper strip was provided at the top of each 
20ft. lift (see Figs. 1 and 4), the ‘ Callendrite ’’ sheeting 
being omitted between the lifts. 

The object of inserting this sheeting at the base of each 
panel was to permit of slight rotation about a horizontal 
axis without injury to the diaphragm should some slight 
relative movement of the thrust block take place. 

The vertical joints between the panels (which are shown 
in Fig. 3 and in more detail on Sec. XY, Fig. 4) are formed 
by similar copper strips kinked in the middle, varying in 
width from 27in. to 19in. according to the water pressure, 
being built into the solid face concrete below and extending 
upwards in 20ft. lifts, the joints being made by an overlap 
of 7in., the adjacent faces of the overlap being smeared 
with bitumen and the strips bolted together with small 
copper bolts until the bitumen was extruded. A similar 
vertical joint is made where the panels butt against the 
solid face concrete (see Fig. 2). 

A void, which is traversed by the copper strip dividing 
it into two halves, was also formed at all vertical joints 
and is filled with asphalt (bitumen plus 30 per cent. granite 
dust). Fig. 3 is a section along a plane at right angles to 
the face of the diaphragm, which shows the voids which 
have been formed each side of the copper strip at the end 
of the two panels which have been already cast. The 
concrete is about to be poured to form the intermediate 
panel and is to be brought up rapidly to a height of 20ft., 
it being necessary to make provision for the remaining 
portion of the voids. 

As it was thought that there would be great, if not 
insuperable, difficulty in removing the cores from such 
confined spaces, it was decided to use small moulded con- 
crete blocks so shaped as to form the voids, being incor- 
porated with the concrete as it is brought up (see detail, 
Sec. XY, Fig. 4). Two blocks are used, one on each side 
of the copper strip, the column of blocks being brought up 
to full height before the concrete is poured, the joint being 
made between the strip and the block with Portland 
cement mortar with the exception of that between the 
lowest pair of blocks. 

If good bond is to take place between successive lifts 
of asphalt, it is essential that the surface of contact should 
be clean, and therefore the joint between the lowest pair 
of blocks was l}in. wide, through which dust, &c., could 
be expelled by compressed air, after which this joint was 
also filled with mortar, the top of the column being covered 
with a timber cap to prevent entry of dust, &c., until 
pouring of the asphalt commenced. 

The columns (see Figs: 3 and 4) having been built to 
their full height, the reinforcement was set and the con- 
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crete poured into the intermediate panel, after which 
operation the caps were removed, the surface of the 
asphalt at the base of the column brought to a liquid 
state by an electrical heater, and the void was filled. The 
conerete mix contained 690 lb. of cement per cubie yard, 
(409 kilos. per cubic metre), the stones being broken so 
as to pass through a ring lin. diameter, the average 
crushing strength at twenty-eight days amounting to 
350 tons per square foot. After the forms were stripped 
the concrete was kept moist for a minimum period of three 
weeks by means of water sprays. 

Although filling of the reservoir commenced in Sep- 
tember, 1935, the monsoon rainfall ceased unduly early, 
with the consequence that the reservoir only rose to such 
a height as to submerge the base of the diaphragm to a 
depth of 45ft., the joints proving to be absolutely water- 
tight under this moderate head. 

Leakage through the vertical joints could not emerge 
into the inspection pits until it had made its way between 
the “ Callendrite ’’ sheeting covering the buttress and the 
diaphragm (see Fig. 3), and as liability to leakage along 
this joint decreases with increased water pressure, it was 
considered that this system of joints would prove entirely 
satisfactory, but this cannot be determined until the 
reservoir fills during the monsoon of 1936, but should any 
leakage occur the inspection pits afford the opportunity 
of locating its position and of caulking the joint. 

Thrust Block.—The thrust block is indicated by blobs 
and dots on Figs. 1, 3, and 4, and the foundations were not 
taken down to impermeable rock, the “ brown” rock on 

which part of the structure rests being capable of standing 
# pressure of about 500 tons per square foot before crushing. 

Fig. 3 shows the buttresses, which are spaced 12-5ft. 
apart, leaving inspection pits behind the diaphragm, 
which can be entered either from the top of the dam or from 
galleries communicating with the bottom of each inspec- 
tion pit, access to which is provided by steps at each end 
of the dam. These buttresses, as already mentioned, are 
faced with moulded concrete blocks (see Figs. 3 and 4) in 
order to secure exact alignment of the faces against which 
tne diaphragm would rest. The concrete mix contained 
300 Ib. of cement per cubic yard (178 kilos. per cubic metre) 
and large stones were embedded, the average maximum 
rise of temperature above that of the air being 24 deg. Fah. 
(13-3 deg. Cent.) when setting, and the average crushing 
stress at twenty-eight days was 190 tons per square foot. 

Rock Fill—The rock fill is hand packed and brought 
up in 2ft. layers inclined at a slope of 1 in 12 towards the 
thrust block. The toe is formed as a platform supported 
by a retaining wall, through which the rock fill drain 
Passes. 

Trials were made from time to time to ascertain the void 
spaces, which were found to vary from about 26 to 30 per 
cent., the average weight of the rock fill being about 
1-48 tons per cubic yard. 

The base of the rock fill rests on boulders in the bottom 
of the rock gorge and on the soil covering the rock at the 
sides, all loose or spongy material being removed so as to 
leave firm ground. 

The upstream face of the rock fill, where not in contact 
with the back of the thrust block, is built as a vertical 
rubble wall in mortar so as to leave a triangular space, 
and drainage tubes, spaced 10ft. apart, filled with small 
pieces of granite retained by screens, pass through this 
face to give adequate provision for drainage of the sand 
wedge, next to be described. The rock fill will be covered 
with a diamond pattern pitching of squared granite blocks 
when settlement has ceased. 

Sand Wedge.—The sand wedge fills the triangular space 
between the thrust block and the rock fill, its purpose 
being to avoid point contact and to ensure that the water 
pressure is transmitted to the thrust block should move- 
ment of the latter take place. 

The surface of the wedge is protected from the torrential 
rains which occur by concrete paving, and the grains of 
the sand are well rounded and coarse so as to drain readily 
should water enter notwithstanding the precautions which 
have been taken, as it was considered essential that the 
sand should be as nearly dry as possible under all circum- 
stances. 


REASONS FOR ADOPTING DESIGN. 


(a) If an impermeable water face is provided there is 
no object in employing rich concrete for the remainder of 
the dam, and a very considerable economy would be 
effected by reducing the cement content, especially as 
labour is cheap in China and therefore the cost of placing 
is low. 

(6) If, however, there is no provision for movement of 
the face concrete relative to the mass of the dam, stresses 
will be set up which may crack that concrete even if con- 
traction joints are provided, due to the fact that the 
temperature rise in setting is higher with the rich mixture 
than with the lean, e.g., in the case of the Shing Mun Dam 
the temperature rise averaged about 53 deg. Fah. (29-4 deg. 
Cent.) for the face concrete containing 600 lb. per cubic 
yard (356 kilos. per cubic metre) and only 24 deg. Fah. 
(13-3 deg. Cent.) for the thrust block concrete, which con- 
tained half that amount of cement per cubic yard. 

It was therefore decided to make a vertical joint between 
the face concrete and the thrust block and to make pro- 
vision for relative movement between the diaphragm and 
the thrust block. 

(c) Owing to the length of the diaphragm it was clearly 
necessary to provide for contraction and expansion by 
inserting the vertical joints described in this paper. 

(d) It was considered advisable to support the diaphragm 
by buttresses which will enable inspection to be carried 
out’ when the reservoir is full, and makes provision for 
taking away leaking water. 

(e) The reason which led to the adoption of the thrust 
block plus rock fill instead of a concrete dam of gravity 
section was the apprehension that this particular region 
might be subjected to seismic disturbance, a point which 
cannot be dealt with under question V. 


ConcLUSION. 


The writer's firm acted as consulting engineers to design 
and supervise the construction of the dam, which was 
carried out by administration under the direction of Mr. 
G. B. G. Hull, M. Inst. C.E. 
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gas has been an important development, and coke-even 
gas is the usual element used. More recently, the use 
of liquid petroleum gas for enrichment has produced a 


Electrification of the Manchester- 
Sheffield-Wath Lines. 


Tue electrification of the lines between Manchester and 
Sheffield has been approved by the L.N.E.R. directors. 
Described as the largest ‘ all-in ”’ electrification scheme 
so far undertaken in this country, it is distinguished from 
others by the fact that all trains, irrespective of whether 
they are passenger, goods, or coal trains, will be hauled 
electrically. The total number of route miles to be con- 
verted is 74-56, while if sidings are included and the 
mileage is expressed in terms of single track, the 
figure is 292-71. The lines include the main L.N.E.R. 
line from a point near Woodhouse, Sheffield, to the 
London-road Station, Manchester, the important section 
from Dunford to Wath, over which some millions of 
tons of coal pass annually from the Yorkshire 
collieries to Lancashire consumers; the branch from 
Hadfield to Glossop; that from Guide Bridge to Staly- 
bridge as far as Dukinfield ; and the Oldham, Ashton, and 
Guide Bridge branch up to and including the Ashton 
Moss exchange sidings of the L.M.S., together with the 
line from Fairfield, Manchester, to the Manchester and 
Trafford Park sidings. 

The 181 steam locomotives now employed for the service 
are to be replaced by eighty-eight electric locomotives. 
There are to be nine express passenger engines, each weigh- 
ing 100 tons, sixty-nine mixed traffic 80-ton locomotives, 
and ten 75-ton banking engines for pushing the coal trains 
over the severe gradients between the Wath concentration 
sidings and Dunford Bridge at the east end of the Wood- 
head Tunnel. 

The total traffic mileage to be handled by the electric 
locomotives will be no less than 1,304,700,000 per annum, 
representing a density of 17,500,000 trailing ton miles 
per route mile per annum. To enable the engines to retain 
control of the heavy coal trains when negotiating the 
severe descent from Woodhead Tunnel to Manchester, 
which is mostly on a gradient of rather more than 1 in 117, 
forty-one specially constructed 40-ton vacuum brake 
vans are to be provided. 

An interesting feature of the scheme is the electrification 
of the Woodhead Tunnels, each 3 miles long. Each tunnel 
has single up and down lines, which negotiate the Pennine 
range. Up to the present these tunnels have controlled 
the train density of the line, but electrification will increase 
the capacity of the line by 25 per cent. It is also proposed 
to employ multiple-unit electric trains for the suburban 
services between London-road, Manchester, and Glossop, 
and to increase the traffic density of this branch. 

By the use of the electric locomotives increased train 

speeds will be secured. Express passenger trains will 
travel at 50 m.p.h. instead of the present speed of 40 m.p.h., 
while express braked goods trains will be speeded up from 
an average of 28 m.p.h. to 40 m.p.h. The 1000-ton coal 
trains will be accelerated from 15 m.p.h. to an average of 
22 m.p.h. The trains will be supplied with D.C. at 1500 
volts, collected from an overhead conductor, and the 
power will be supplied through twelve new sub-stations 
by existiag undertakings in the neighbourhood. A new 
locomotive depét at Darnall, Sheffield, will accommodate 
both steam and electric locomotives and will be connected 
with the main line at Sheffield passenger station by a fly- 
over junction, which will facilitate the exchange of loco- 
motives from electric to steam and vice versa without 
interfering with the main line traffic. 
As announced when the scheme was submitted in the 
list of Government works, the total cost will be in the 
neighbourhood of £2,500,000. The decision of the L.N.E.R. 
to electrify these lines is attributable solely to the heavy 
traffic density, the extremely arduous contour of the lines 
as the result of their geographical position, and the fact 
that in the neighbourhood electricity is obtainable under 
unusually favourable conditions. 
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Steel Works Developments. 


In view of the number of new strip mills it was 
natural that such plants should receive particular attention 
at the annual meeting of the American Iron and Steel 
Electri¢al Engineers. High speed of operation is a factor | 
in the design of equipment for handling the material. 
Thus the roller table receives the hot strip from the 
finishing stand of the rolling mill at the rate of 1400ft. 
per minute, and must be rapidly controlled from full 
speed to stop. This means balanced rollers with individual 
motor drives so adjusted in speed as to eliminate 
differentials, which might cause scratching of the under 
surface of the strip. Before lateral transfer and before 
coiling, the strip must be brought to a full stop in less 
than five seconds. Overhead cranes serve to handle the 
product because of the large tonnage per hour—often 
exceeding 100 tons—and the size of the product. Roller 
conveyors and chain conveyors delivering hot coils to 
storage must be designed for severe service as they are 
not likely to get much attention for lubrication. Gravity 
conveyors are of great use in line transfer. Overhead 
cranes with magnets pick up coils from the conveyors, 
and similar cranes are advantageous for the shipping 
department. Further developments are to be expected 
to insure against damage to these high-grade products. 
With the steel industry now running at 90 per cent. of 
its 1929 production, the steady increase in fuel prices 
has caused difficulty in maintaining uniform fuel costs 
per ton of steel produced. However, work on this problem 
has resulted in an actual decrease of fuel cost within the 
ast few years, especially as the use of natural gas, oil, 
last-furnace gas, and coke-oven gas has greatly reduced 
the use of producer gas. Enrichment of blast-furnace 











ing the use of blast-furnace gas for process heating work. 





In 1935 by-product coke ovens delivered 165 billion cubic 
feet for utility systems, and 181 billion for industrial 
work—mainly the steel industry. 


Unwatering Flooded Mines. 


Overflowing rivers during the storms of March, 
1936, caused the flooding of a group of anthracite coal 
mines in Pennsylvania, U.S.A., and a special pumping 
equipment was installed and ready for operation by 
July. The water rose to 493ft. above sea level, and a 
barrier between certain mines in the lowest workings at 
167ft. had to sustain a head of 326ft. If this had not held, 
a number of other mines would have been drowned out. 
Water crept from place to place through workings and 
holes, while in some places the weight of surface flood 
waters caused the roof to collapse, forming large craters. 
Hay thrown in did not choke the holes to any extent, 
indicating that there were numerous small holes rather 
than large holes to cause whirlpools that would suck in 
the bales. Surface dikes were built to prevent the flood 
waters from reaching neighbouring shafts. The volume of 
water to be pumped out was estimated at about 12 billion 
gallons, but all the service or drainage pumps were sub- 
merged, and out of commission. For such a large and 
costly problem, the coal companies co-operated, and the 
work was planned by their engineers. The State of 
Pennsylvania granted £140,000 for pumps, pipe, and 
power, so that 6000 men could return to work and not be 
on relief or charity. Most of the eighteen pumps had a 
capacity of 4000 gallons per minute, under 350ft. head, 
and were driven by 400 H.P. motors of 4000 volts. 
Impellers and wearing rings are of bronze, with stainless 
steel shafts, and as the impellers are non-overloading, 
| the switch can be thrown regardless of head. Suction 
| pipes are 12in. and discharge pipes 10in. in diameter. 
| Some pumps are slung under the cages and lowered to 
rest on timber supports; others are lowered by chain 
hoists suspended by cables from steel joists across the 
shaft. Trouble from methane is expected as the water 
level is lowered, and there is accumulation of carbon 
dioxide which refuses to leave the shafts and has to be 
blown out. Strongly acid water is expected at the greater 
depths. Another trouble lies in huge bubbles that throw 
air and water up the shafts. 








American Railway Research. 


The extensive and comprehensive scope of 
laboratory and experimental research as carried on by 
American railways—in regard to construction, equipment, 
operation, and economics—has been the subject of 
voluminous reports. A recent report by the Pennsylvania 
Railroad reviews some of its own present activities :— 
Special tests of electric locomotives on a section of line 
equipped to measure loads, pressures, and stresses from 
wheels on rails, which resulted in the adoption of a specific 
type of engine for the high-speed, main-line electric 
service. Wind tunnel experiments for the development 
of streamlined contours for steam and electric locomo- 
tives. In these tests, clay models were used to permit 
immediate alterations in shape. Improvements in many 
details of electrification, which include more efficient 
circuit breakers, non-corrodible overhead wiring, better 
transmission circuits, elimination of high-voltage circuit 
breakers from the locomotives, and a superior form of 
rail bond for track circuits. Running tests of locomotives 
on various operating divisions, using electric instruments 
which recorded on a photographic film the forces exerted 
at rails and axles at various speeds. Running tests with 
locomotives and trains on railway bridges to assist in 
revision of theoretical formule used in calculating the 
| effects of train movements over bridges at different 
| speeds. Air-conditioning experiments with passenger 
| cars, which have developed improved apparatus and air 
| distribution, and a scientific ratio between interior and 
| exterior temperatures for conditions of health and comfort: 
| Spring tests have developed a new spring arrangement 
| for large freight cars, to prevent excessive vertical move- 
| ment of the body and so reduce damage to contents. 
| Rail and steel investigations, resulting in the design of the 
112 Ib. flat-bottom rail, with 50 per cent. greater strength 
than a former 95 lb. section. Design of a new rail joint 
with curved or waved splice bars or fish-plates, which 
maintains its tightness and reduces wear, thus maintaining 
smoother track with less work. 





Prizes for Bridge Design. 

For the past few years the American Institute 
of Steel Construction has awarded prizes for the most 
attractive steel bridges built in the country each year, 
the purpose being to concentrate the attention of designers 
on the esthetics or appearance of their structures, as 
well as the technical and economic aspects. The bridges 
are classed in three groups, according to cost :—Those 
costing more than £200,000, those costing £50,000 to 
£200,000, and those costing less than £50,000. In the 
latest awards that for the first group went to the bridge 
to North Grand Island at Niagara Falls. This has eleven 
deck-truss spans, with arched or curved lower booms. 
The centre span is 500ft. flanked on each side by sym- 
metrical truss spans of 400ft., 350ft., 300ft., 250ft., and 
200ft. successively. It carries a 24ft. roadway and one 
footwalk 6ft. wide. For the second group the award went 
to the bridge at Cleveland carrying Lorain-avenue across 
Rocky River. This structure consists of four steel arches 
of 256ft. and 236ft. span, each with two arch ribs and 
spandrel columns supporting the floor system. A special 
feature is the suppression of cross bracing, and also of 
lacing in the towers, for architectural effect, while exterior 
smooth surfaces are obtained by butt-welding the joints 
before applying riveted splice plates which are con- 
cealed from view. For the third or smallest group, the 
award was made to a highway bridge spanning the 
Manistee River, which has an arched span of 350ft., 
with two semi-arch cantilever arms of 125ft., extending 
to the abutments. Two main ribs connected by lateral 
bracing carry spandrel columns which support the trans- 
verse floor beams of the deck, with its concrete slab paving. 
Awards are made also for the best designs of steel bridges 
submitted in competition by students at engineering 





combined gas of 500 to 550 B.Th.U. per cubic foot, increas- 
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An Improved Crane Hook. 





AN interesting improved type of crane hook has been 
brought to our notice by the Patent Safety Rotary Cam 
Fitments Company, 74, Ashcombe-road, Weston-super- 
Mare. As may be seen from our illustration, the inner 
radius of the hook is fitted with a flanged cam with a 
slotted jaw, which is radiused at the bottom. The slot 
in the cam is offset from the centre so that its opening, 
when the cam is at an angle of 45 deg. in the hook, corre- 
sponds with the mouth of the hook. The cam turns quite 
freely in the hook and its natural position when no load 
is applied is, owing to the larger mass of metal turning by 
gravity, towards the lower part of the hook, with the slot 
open to the gap in the hook. When a load is applied and 
before it is actually lifted the cam turns in the hook and 
takes the increasing weight until the full load is in direct 
line with the centre of the hook eye; at the same time 
the turning of the cam closes the gap in the hook. As 
the load is released when lowering tne cam turns back to 
its natural position with the slot opening opposite the 
hook mouth. For the sake of convenience, when the hook 





porary load on the rectifier and preventing a further rise 
in voltage. 

When an aqueous electrolytic condenser is used to 
smooth the H.T. supply, to indiwectly heated valves, the 
output voltage is held at a value slightly above the work- 
ing voltage of the condenser during the initial period 
immediately after switching on, until the cathode elec- 
trodes begin to heat up and anode current begins to flow. 
When this occurs the current passed by the condenser will 
decrease by an amount equal to the anode current flowing 
at the moment under consideration until a point is reached 
at which the anode current is nearly equal to the overload of 
the condenser. As the anode current further increases, the 
operating point on the rectifier curve moves in the direc- 
tion of lower voltage until the anode current has reached 
its normal value. The normal operating point has then 
been reached, and the voltage will have fallen to the 
required working value. 

The construction of the condenser and nature of the 
electrolyte are said to make local heating impossible. 
Any heat generated during overload quickly reaches the 
surface of the container, and escapes to the surrounding 
air, thus minimising temperature rise. If the voltage 
exceeds 500, condensers may be connected in series. Two 

















IMPROVED CRANE HOOK 


is required to be used as a ring, a small tongue may be 
fitted to the lip of the cam to hold it with the gap in the 
closed position. One of the chief advantages of the 
improved hook is that loads are not taken on one point of 
the inner radius, but are distributed along it by the lower 
segment of the cam. The use of the cam also eliminates 
the abrasive wear at one point on the radius of the hook 
where the lifting slings always work and where failure due 
to work hardening is experienced. One of the new hooks 
designed in accordance with the British Standard Specifica- 
tion for a safe working load of two tons has been tested 
at Lloyd’s Proving House. With a test load of 8-125 tons 
the hook took a permanent set of 1/,,in.; at 12 tons the 
set was yin. and the hook finally straightened out with a 
load of 17-287 tons. A hook with a safe working load of 
} ton opened out with 3-1 tons. 








Aqueous Electrolytic Condensers. 


THE widespread use of mains thermionic valves, working 
at pressures up to 400 volts, has created a demand for a 
reliable and efficient condenser to work in conjunction 
with the rectifier providing 
the H.T. supply. The aqueous 
electrolytic condenser made 
by the Telegraph Condenser 
Company, Ltd., of Wales 
Farm-road, North Acton, 
W.3, is claimed to meet the 
requirements and to offer 
important advantages. Be- 
sides having a large capacity 
for the space it occupies, it is 
said to have a very long life ; 
in fact, itis claimed to last 
indefinitely. Over-voitage 
will not damage it, provided 
its duration does not allow 
the condenser to get unduly 
hot, and it is consequently 
unharmed by the temporary 
excess voltage which may 
occur during the initial heat- 
ing period of indirectly heated 
valves. All that happens if 
the no-load voltage in the 
ordinary way be greater than 
the peak voltage of the con- 
denser is that the condenser 
passes just sufficient current 
to lower the voltage to that 
peak value, and this current 
is bound to be less than the 
normal load taken by the 
valves. 

Curves brought to our notice showing the relation 
between leakage current and voltage indicate that the 
normal leakage current at the maximum working voltage 
is considerably less than 1 milliampere. If the applied 
voltage is increased beyond the rated maximum, the 
leakage current increases rapidly, thus imposing a tem- 

















ELECTROLYTIC 
CONDENSER 





8 microfarad 440 volt condensers working in series will form a 
4 microfarad combination working at 800 volts. Since with 
this type of condenser voltage equalisation occurs auto- 
matically, it is unnecessary to use parallel resistances to 
equalise the pressure. The specified working voltage of 
two condensers in series is 1-8 times the working voltage 
of one condenser. This allows for slight variations which 
may occur from one batch of condensers to another, owing 
to conditions beyond the makers’ control, such as slight 
variations in raw material. Suitable matched pairs may, 
however, be selected, suitable for working at twice the 
maximum voltage of one of the condensers. Each con- 
denser of a pair must have the same working voltage, and 
two condensers of dissimilar characteristics should never 
be worked in series. 

Condensers used in conjunction with rectifiers in radio 
power units may be divided into two classes—reservoir 
condensers and smoothing condensers—and as the desir- 
able properties of the two types differ, two kinds of 
aqueous electrolytic condensers have been developed. 
In the case of reservoir condensers, which confer some 
degree of smoothing on the rectified voltage and increase 
the mean voltage output, it is necessary to use a con- 
denser of low power factor, since the voltage across it is 
undulating at the frequency of the A.C. supply in the case 
of half-wave rectifiers, and at twice this frequency with 
full-wave rectifiers. It may be considered to work at a 
steady voltage with a small A.C. component or ripple 
superimposed upon it. Excessive temperature rise must be 
avoided, and it is therefore necessary to use a condenser 
of low power factor, such as the Telegraph Condenser 
Company supplies. In the case of a smoothing condenser, 
however, while it is essential that the impedance is small 
compared with that of the smoothing choke, the power 
factor may be quite large. The ripple current through a 
condenser of this kind is negligible, and whilst the capacity 
should be high within reason, the power factor may be 
neglected. 











Steel Losses through Corrosion. 


THE question of metal losses through corrosion has 
been in course of investigation during the past five years 
with a view to combating the evil by a community of 
interests in Germany formed by the associations of German 
engineers, foundrymen, metallurgists, chemists, gas and 
water engineers, makers of chemical apparatus, and certain 
other technical-scientific societies. A further conference 
of this community, which was first constituted in 1931 
has just been held at Cologne, when various papers dealing 
with the problem were read and discussed. At the 
opening of the conference on October 22nd, the President 
stated that the annual losses of iron and steel through 
corrosion amount to 500,000 tons. Apparently that 
figure was based on a recent issue of Stahl und Eisen, 
where Herr Gottwalt Schaper, Director of the Reich 
railways, dealt rather fully with the subject, he estimating 
that the value represented by the losses in Germany 
amounts to 120,000,000 Reich marks. 

A reference to the article in question shows that while 





the author makes no claim to great accuracy, his state- 
ments are set forth to encourage interested circles to 
make further researches in the matter. However, for 
the purpose of demonstration it is considered that the 
information submitted will bring about some state of 
order in the wide divergence between the estimates 
which have hitherto been put forward. For instance, 
the annual losses in Germany have been erroneously 
estimated at a value of 2 milliards of marks. This sum 
represents the total value of the iron and steel production 
in Germany in 1929, so that if the estimate were correct 
all the output would be destroyed by corrosion in one year. 

Commencing with the question of semi-finished steel, 
the author submits that nothing is lost by corrosion 
as the material is speedily rolled, pressed, or forged, or 
otherwise worked up. With permanent way material 
the losses are stated to be exceptionally slight in rails 
and fish-plates. Rails laid in tracks in use are practically 
exempt from corrosion. Sleepers, on the average, reach 
a life of thirty-three years but are then destroyed more 
by mechanical attack than by corrosion. It may be 
assumed that after thirty-three years one-third of their 
weight is lost by corrosion, so that they suffer an annual 
loss of about 1/100th part, but steel sleepers only form 
27 per cent. of the total permanent way material. The 
annual loss of all permanent way material may be assumed 
to be 1/300th part. The total railway permanent way 
material laid is about 21,000,000 tons, which, at an 
average price of 200 marks per ton and an aggregate 
value of 4-2 milliards of marks, brings the loss through 
corrosion to 14,000,000 marks. 

Steel shapes employed in elevated structures are well 
protected against corrosion, and the life of steel bridges 
is taken in general at sixty-five years. Their life ends 
not through corrosion, but is brought about by a growth 
in the working loads, and the annual loss through corrosion 
is estimated ‘not to be greater than 1/500th part. In 
the case of bar steel as used in high structures, bridgework, 
masts, machinery, and vehicles, the material is largely 
protected against rust by good painting. The life of 
railway rolling stock may be accepted at thirty years on 
the averuge. Its removal is due less to rusting than to 
developments and the mechanical stresses in work. 
It is assumed to be a high figure to say that the corrosion 
loss after thirty-three years is one-tenth of the weight. 
The annual loss of bar steel built into vehicles may 
be taken to be 1/300th part of its weight. Taking the 
total quantity of shapes and bars built into superstructures 
at 62,000,000 tons, of the average value of 250 marks 
per ton, it is considered probable that the annual loss 
through corrosion amounts to 31,000,000 marks. 

Concerning hoop steel, which is mainly used for binding 
boxes and casks, it is pointed out that the material 
for the former is destroyed more by mechanical damage 
than by corrosion, and most of the material finds its 
way back to the furnaces. Hoops for casks have a life 
of fifteen to twenty years, when one-half has disappeared 
through corrosion. For the whole quantity of hoops 
a yearly loss of 1/100th part is assumed, amounting to 
24,000 tons, which, at 140 marks per ton, represents a 
loss of 3-36 million marks per annum. Thin drawn wires 
are stated to have a life of twenty-five years, and the 
thicker dimensions, preserved by painting, a duration of 
forty years. With an average life of thirty-three years 
the annual loss through rusting is about 1/50th part. 
The tonnage loss in drawn wire, as a whole is put at 190,000 
tons, and the monetary loss at 26-6 million marks at a 
tonnage price of 140 marks. 

With regard to thick plates and large flats, chiefly 
used in shipbuilding, boilermaking, and in high steel 
structures, the author considers that the loss through 
corrosion is 8,000,000 marks per annum; in medium and 
thin sheets, the loss is estimated at 29-4 million marks, 
and in tubes, axles, and forgings, which have a very 
slight loss through corrosion, the loss is calculated at 
8,000,000 marks at the most. As a result of all these 
computations, the author assumes that the total losses 
through corrosion of steel represent a value of 120,000,000 
marks per annum. 








DUST COLLECTORS—AMENDMENT OF A 
PATENT. 


On page 304 of our issue of September 18th, 1936, we 
quoted from the decision of Mr. Wilson, acting for the 
Comptroller-General in an appeal of Davidson and Co., 
Ltd., against the grant of a certain patent to the Buell 
Combustion Company, Ltd., that the patent in question 
was one which ‘“‘ may not be available to be used at all 
except with the consent of some other person.’’ Since 
there is a possibility that some readers may misunderstand 
Mr. Wilson’s words, we think it desirable to point out that 
the Buell apparatus does not necessarily involve the use 
of the Davidson apparatus. 








BOOKS OF REFERENCE. 


South African Mining Year Book, 1936-37. London : 
Argus South African Newspapers, Ltd., 72-78, Fleet- 
street. E.C.4. Price 23s. net.—This edition is a special 
combined number of the S.A. Mining Journal and the 
S.A. Mining Year Book, and is issued to commemorate 
the Golden Jubilee of the Rand. It contains a number of 
informative articles on the country’s mining, industrial, 
building, financial, transport, &c., progress during the 
past fifty years. Supplements to the book include a map 
of the Greater Witwatersrand, with the old and new gold- 
mining companies marked ; a power map of the electrical 
undertakings ; and a map showing the principal coal and 
iron mines in South Africa. The usual directory of mining 
industrial, and financial companies, and lists of engineer- 
ing firms and overseas manufacturers and their agents 
are given. The annual reports of the leading mining and 
financial companies are also presented. The Year Book 
will be found an up-to-date guide by all who have business 
interests in the country. 
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South African Engineering Notes. 
(By our South African Correspondent.) 


Care Town, October 13th. 
Bunkering Facilities. 


STEADY progress is being made with the relaying 
of the oil pipes serving the various bunkering berths of 
the harbour at the Cape Town docks, as those at present 
existing are insufficient to cope with the big increase in 
the number of ships calling for oil. Most of these extra 
customers were diverted to Cape Town from the Mediter- 
ranean, owing to the Italo-Abyssinian War, and are now 
continuing to call here as a result of the big reductions in 
port charges. Other lines are now sending their ships 
to Cape Town as a result of the reductions, and to all 
appearance Table Bay has secured a permanent increase 
in its bunker trade. The real improvement will be evident 
in about six months’ time, when the new deep-water 
D berth is opened for shipping, completing the first 
section of the harbour extension scheme. Five berths 
in the New Basin will then be available for oil bunkering, 
and with four in the Victoria Basin, Table Bay will be the 
premier oil bunkering port in the Southern Hemisphere. 
All berths in the New Basin are to be fitted for oil bunker- 
ing. When the two berths of the F scheme are constructed, 
they, too, will be similarly fitted. The two existing pipe 
lines, which are of 8in. and 10in. diameter respectively, 
will be replaced by 10in. and 12in. diameter pipes. When 


first half of 1935 to 22,580 tons during the first half 
of 1936. 


New Type Petrol Wagons. 


An interesting development in the design of tank 
wagons for the South African Railways is shown in the 
new type ‘ X.P.7” wagons which have recently been 
placed in service. The wagons, which were designed in 
the office of the Administration’s Chief Mechanical Engi- 
neer at Pretoria, and built in the departmental workshops 
at Pietermaritzburg, are for the conveyance of petrol or 
crude oil. Each vehicle has a carrying capacity of 8000 
gallons, which is equivalent to a petrol load of 60,000 Ib. 
and a crude oil load of 76,000 lb. This is the first occasion 
on which the Administration has undertaken to build 
tank wagons of such large capacity. Hitherto all tanks 
of this capacity were imported. A special feature of the 
design is the manner in which weight has been reduced 
to a minimum by the extensive use of welding. All tank 
seams longitudinally and circumferentially have been 
welded. The substitution of riveting by welding has had 
the effect of reducing the tare to 47,000lb. The tank 
barrel is 40ft. long over ends and 6ft. 6}in. in diameter. 
It is constructed of #in. mild steel top plates, %in. bottom 
plates, and }in. pressed end plates, and is protected from 
the sun’s rays by a semi-circular corrugated galvanised 
iron outer casing. The underframe, which is 41ft. over 
headstocks, is carried on two diamond frame bogies at 
30ft. centres. The general appearance of these vehicles is 
striking, and the new wagons mark an important step in 
the progress of rolling stock manufacture in the work- 








this is done, it will be possible to supply ships with oil 
at 500 tons an hour, against 300 tons at present. In the 
New Basin, where two 12in. pipes are being laid down, it 
will be possible to supply the oil at 800 tons an hour. The 
relaying of the Victoria Basin pipe lines and the laying of | 
the new pipes at the New Basin is expected to be completed 
in about two months. 


New Tug for Union Port. 


The first of the five big tugs ordered by the 
Union Government in the United Kingdom has been com- 
pleted, and is now nearing port. Sheis the “ C. F. Kayser,” 
destined for Port Elizabeth, but will first call at Cape 
Town and will then go on to her station to join the “ John 
Dock,”’ at present the only big tug at that port, in handling 
the big mail ships. The “ C. F. Kayser ’’ was launched on 
June 22nd from the yard of Lobnitz and Co., Ltd., and 
ran trials on the Clyde in the last week of August. She 
is making the voyage to South Africa non-stop, except for 
a call at Daker to coal. The second of the new tugs, of 
which five in all are to be built, will follow about a month 
behind the “ C. F. Kayser.”” She was recently launched, 
and has been named “ T, Eriksen.” She will be stationed 
at Durban. Of the remaining three tugs, which will not 
be ready for service until towards the middle of 1937, 
two will be stationed at Cape Town and one at East London 
under present arrangements. Each vessel will be coal- 
burning, with two sets of triple-expansion engines, develop- 
ing a total of 2500 I.H.P., being similar in size and power 
to the *‘ John Dock” and the “ W. H. Fuller,”’ which 
were built for Port Elizabeth and East London respec- 
tively two years ago. The only harbour tugs in the world 
with engines more powerful than the new ships are said 
to be the “* T. S. McEwen ” (2800 I.H.P.) at Cape Town and 
the “ Sir William Hoy ” (3500 I.H.P.) at Durban. The 
Union will thus possess, with the ‘‘ Ludwig Wiener” 
(2400 I.H.P.) at Cape Town, the world’s ten most power- 
ful harbour tugs. The gross tonnage of the “C. F. 
Kayser’ has been measured at 565 tons. She has a 
length of 145ft., and was named after the late Mr. C. F. 
Kayser, Member of Parliament for Port Elizabeth and a 
former Chairman of the Port Elizabeth Harbour Board, 
who died recently. The “ T. Eriksen ” is named after the 
Chairman of the Durban Harbour Board. 


New Oil Storage Tank. 


Work is proceeding on a new oil storage tank at 
Cape Town docks, which, when completed, will be the 
biggest oil storage tank in South Africa. The steel floor 
plates have been laid in position for riveting, and the first 
plates of the outer shell have been erected. The founda- 
tions of the tank were laid about three months ago, and 
it is expected that it will be ready in December. It is 
119ft. in diameter, 44ft. high, with a capacity of 12,000 
tons. The site of the oil tanks at the docks is the bottom of 
an enormous excavation, nearly 50ft. deep, in solid rock, 
originally intended to provide dock accommodation. 
However, by the time the work was completed the idea 
was abandoned, and the channel which was to connect 
it with the existing dock, which lies between it and the 
sea, was not cut. It makes an ideal site for oil tanks, of 
which over a score already occupy its floor. 


Pretoria Steel Works Profit. 


During the eighteen months ended June 30th, 
1936, the manufacturing profit of the South African Iron 
and Steel Corporation, of Pretoria, amounted to £501,545 
and the gross profit to £555,761. After the deduction of 
£165,806 in respect of general administration expenses, 
interest on debentures, and making provision for the 
redemption of debentures, the net profit amounted to 
£389,955. The total loss for the year 1934, amounting to 
£266,002, was met from the net profit, as well as various 
other charges. This left a balance of £12,309, which was 
carried to the current financial year. The production of the 
heavy mill, the best single index for the production of the 
works, increased from 13,364 tons during the first quarter 
of 1934 to 57,779 tons during the second quarter of the 
current year. Production costs have now been brought 
down to a level at which the scope for improvement is 
considerably narrowed. During the year 1935 approxi- 
mately 19 per cent. of the Corporation’s total expenditure 
was represented by railway charges on raw and finished 
materials. The differences between the Corporation and 
the Railway Administration, in regard to the prices to be 
paid for rails and seetions, have been settled. Sales kept 
pace with the increasing production, and the average 
monthly tonnage of all productions despatched from the 


electricity, water, and drainage works, and others will 
have to do the same before long. The water and drainage 
problems are even more pressing, if that be possible, than 
that of the provision of more electric light and power. 
Not only have the towns to be provided with water for 
their populations, which are bounding up, but there is also 
a great increase in the quantity of water required by the 
mines, and adequate sewerage must at all costs be pro- 
vided. As to the electricity demand, it has outstripped 
calculations, and additions are needed to the various power 
stations, even to those recently built and those to which 
extensions have recently been made. The town of Springs 
is already seeking authority to float a loan totalling 
£525,000 mainly for electricity, water, and main sewerage 
schemes. Germiston municipality has just agreed to raise 
a new loan of £500,000 for a programme of capital expendi- 
ture. Of this, £323,000 will be used for extension of 
the sewerage scheme and £46,050 for storm water drainage. 
Simonstown is to raise £50,000 for sewerage for Fish Hoek 
district, while the continued expansion of the industries 
in the town of Paarl has compelled the Council to under- 
take a £30,000 scheme to provide sufficient water reserve to 
meet requirements, 


Practically all large towns in the Union have to face large 
extensions schemes very soon. 


Power Company is to be extended to cope with the increas- 
ing demands. A contract has been placed for two 





works increased from 15,344 tons per month during the 





40,000-kW turbo-alternators. 


shops of the Administration. 


Orders for Mechanical Transport. 


The great increase which has taken place in the 
tonnage of goods traffic dealt with at Kazerne, the great 
goods distributing centre for Johannesburg and other 
towns on the Rand, and the certainty that it will continue 
to increase, has made it necessary that large additions 
should be made to the mechanical transport vehicles now 
in service at that goods station. A further eight mech- 
anical horses and seventeen heavy petrol tractors are 
expected to be placed in service shortly, and additional 
orders are contemplated for 100 5-6-ton trailers, 40 timber 
wagons, 19 heavy petrol tractors, 5 10-ton trailers, 50 
3-ton mechanical horse trailers, 8 heavy petrol tractors, 
and 6 industrial tractors. The present animal service 
consists of 340 animals and 236 vehicles, while the mech- 
anical transport comprises 12 steam tractors, 54 motor 
lorries, 58 mechanical horses, 18 industrial tractors, and 
600 trailers, &c. In July this goods centre dealt with ‘an 
aggregate of 216,504 tons of goods traffic, being an increase 
of 23,270 tons compared with the same month of last year. 
In the week ended August 22nd, 6388 trucks were dealt 
with at this depét and 45,958 tons offloaded, an increase 
of 915 trucks and 8947 tons over the corresponding week 
of 1935, and constituting a new record for any one week. 


South African Airways. 


The South African Airways have just issued 
statistics for the month of July. Passengers carried 
numbered 1527 for a total of 191 machine flights. Paying 
passenger mileage for July was 429,757, a marked increase 
over June. Mail carried by South African Airways during 
July aggregated 21,880 lb. and luggage 61,081 lb. A new 
concession has been introduced whereby air passengers 
may have their excess luggage forwarded by passenger 
train at greatly reduced rates. 


Death of Prominent Rand Engineer. 


The death has just occurred, at his home at 
Killarney (Johannesburg), of Mr. John Shore, a director of 
Messrs. Wade and Dorman and the Union Construction 
(Pty.), Ltd., after an illness lasting a week. Mr. Shore 
played a prominent part in the engineering world and was 
well known and popular in the city. He was born in 
Middlesbrough, Yorkshire, in January, 1869, and came to 
South Africa for Messrs. Dorman, Long and Co. in 1903. 
In 1930 the Union Construction Company was formed, 
absorbing Messrs. Wade and Dorman and Messrs. J. and R. 
Niven. Works were established at Germiston. Mr. Shore 
had been general manager for five years and was a director 
of the company at the time of his death. 


Towns Providing More Electricity, Water, &c. 


The rapid expansion of the towns on the Wit- 
watersrand has compelled several of them to extend their 


The town of Brakpan has obtained 
rmission to spend £250,000 on a sewerage scheme. 
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Southern Railway Electrification.* 
By E. C. COX. 


AnD now I come to the crux of the whole matter. 
What improvement has been effected in the train service 
as a result of all this expenditure of effort, not to mention 
the sum of about £16,000,000 ? Has the improvement 
been worth while, and has it succeeded in attracting to the 
railway sufficient additional traffic to justify the outlay ? 
I will examine these questions at some length. 


THE SERVICES. 


As will be known, the two principal operating advan- 
tages that an electric train has over a steam train are a 
quicker rate of acceleration—a very important feature in 
a local service having numerous stops—and the elimina- 
tion of shunting movements at terminals, thus ensuring 4 
quick turn-round with a minimum track occupation. As 
an index of this greater mobility of the electric trains, it 
should be noted that while the passenger train miles per 
steam engine hour amounts to 11-31, the train miles per 
electric motor vehicle hour are 19-97, an increase of 
76-5 per cent. 

While the time available will not admit of a detailed 
comparison of the improvement that electrification has 
made in the services over all routes, a few examples may be 
given. For imstance, the steam schedule between 
Waterloo and Guildford, vid Cobham, was 70 min., the 
electric schedule is 51 min., a saving of 19 min., or 25-6 per 
cent., giving an overall electric train speed of 35-2 m.p.h. 
compared with 27-8 m.p.h. under steam ; the steam trains 
from London Bridge to Caterham took 47 min., the elec- 
tric trains take 35 min., a 25-5 per cent. improvement, 
or 30-9 m.p.h. instead of 23 m.p.h.; the steam trains 
from London to Hayes took 48 min., the electric take 
11 min. less, a saving of 22-9 per cent. 

The frequency of the service was likewise improved. 
For instance, the steam service between Waterloo and 
Guildford, vid Cobham, was half-hourly during the busi- 
ness periods and hourly at other times, under electrifica- 
tion there is a 20-min. service throughout the day ; 
between London Bridge and Caterham there were three 
steam trains per hour during the business period and one 
train during the slack period, the electric train frequency 
is three trains per hour throughout the day; under 
steam, London and Hayes had two trains per peak hour 
and one per hour during the slack period ; the electric 
service is five per hour business period, and four per hour 
at other times. 

These examples denote the character of the improved 
services afforded under electrification, and including the 
whole of the stations in the suburban area there has 
been in the services to and from London during the rush- 
hour period an average increase of 69-6 per cent. in the 
frequency of the train service. This increase is attri- 
butable to electrification as the rush hour services had 
reached the maximum frequency obtainable under steam 
conditions. 

The improvement in the train service is even more 
pronounced during the non-rush periods, when the fre- 
quency has increased by 148-7 per cent., thus affording 
an adequate service for shopping and amusement purposes. 
Combining both business and non-business periods, the 
increase in train frequency is 126-3 per cent. 

These additional services unquestionably form a very 
substantial addition to the transport facilities of those 
thousands of travellers whose business takes them to the 
heart of London but whose residences are situated on its 
outskirts. A further facility has been the opening of a 
number of additional stations—twenty-three altogether—— 
in the suburban area, bringing the total to 232. These 
stations have proved of great convenience to the public 
and their provision is directly due to electrification as 
they are situated on congested lines and could not have 
been adequately served by the slower moving steam trains 
without reducing the track capacity. 

Turning from the suburban to the main line and coastal 
services, similar improvements have been made. For 
example, the London and Brighton services were increased 
in number from 33 to 53 per day, 61 per cent.; London 
and Worthing direct, from 8 to 18, 125 per cent.; London 
and Eastbourne, from 17 to 22, 29 per cent.; Brighton 
to Seaford, from 25 to 43, 72 per cent.; Brighton to East- 
bourne, from 28 to 51, 82 per cent.; Brighton to Bexhill and 
Hastings, from 22 to 49, 123 per cent. The schedules of 
these services have also been improved. 

And, as a matter of interest, it may be noted that 
although throughout the railway only 26-5 per 
cent. of the track miles is electrified, the electric train 
mileage exceeds the steam passenger train mileage, the 
figures for the first six months of this year being 14,809,417 
electric train miles and 12,852,851 steam train miles. 
Empty electric mileage is less than 1 per cent. of the 
total electric mileage. 

Spread over the whole of the electrified area, the elec- 
tric train miles per electrified track mile amount to 77-7 
miles per week-day. 

In framing the passenger services, regard has been paid 
to the requirements of the freight services, as it would 
not be practicable to confine the running of goods trains to 
the night period when electric trains have ceased 
running; in some instances the goods trains are dove- 
tailed in on tracks carrying as many as eight electric 
trains perhour. Needless to say, the goods trains have to 
run strictly to schedule in order to obviate disturbance 
of the passenger services. 

As an illustration of the time-keeping of the electric 
trains, it may be stated that during September the average 
late arrival of 122,001 electric trains run on week-days 
was 0:63 min. During the same month the average late 
arrival of 81,179 steam trains was 1-39 min. 

On Sundays the electric train arrival average was 
0-99 min., and the steam train average 2-34 min. 

It is ventured to suggest that this is a high degree of 
punctuality, having regard to the density of the track 
occupation, and that its attainment reflects great credit 
upon the staff engaged in the working of the traffic. 

It should be noted, too, in this connection, that the 
delays due to electrical defects either in the trains them- 
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selves or in the supply of current, are negligible, the figures 
for September, when the electric trains ran 2,557,536 
miles, being :—Train defects, 453 min., 0-4 per cent. of 
total delay ; failure of current supply, 59 min. 0-06 per 
cent. of total delay. 

It will be appreciated that such an excellent record as 
this denotes a high standard of maintenance and efficiency, 
and greatly assists the reliability and punctuality of the 
service. 

During the summer the electric services, particularly 
those to and from the coast, are augmented as necessary 
to a standard programme; in fact, standardisation of 
services is adopted to such an extent that on the Central 
section, where the main line services are electrified, the 
same special traffic notice applies to Easter, Whitsun, 
and August Bank Holidays. 


TRAFFIC DEVELOPMENT. 


Having thus surveyed the improvement in the train 
service, I will proceed to examine the subsequent develop- 
ment of traffic. This naturally varies on different routes, 
the basic cause of this variation being as a rule the extent 
to which the area was built up prior to electrification, and 
while it is, of course, impossible to apportion the increase 
between normal development and that solely due to elec- 
trification, there can be no doubt that the better service 
under electrification is mainly responsible for the increased 
traffic. 

Dealing first with the business hour traffic, it should be 
noted that the Southern Railway is favoured in catering 
for this traffic in that it has a number of terminal station 
in close proximity to the business centres of the City and 
of the West End, namely, London Bridge, Cannon-street, 
St. Paul’s, Holborn Viaduct, Charing Cross, Victoria, 
and Waterloo, with its tube connection to the City. And 
with the increasing congestion on the streets and conse- 
quent delay to road traffic, there is no doubt that 
passengers seek to live on a route whose terminus 
brings them within walking distance of their place of 
employment. There is, too, the additional advantage 
that no other fare has to be paid. But whatever the cause, 
there has been a great all-round increase in the business 
period traffic since electrification, while on certain routes 
where housing development has been particularly active 
the increase has been enormous, for example :— 

Welling, Bexleyheath, and Sidcup—three stations 
serving the same area—under steam conditions in 1925, 
handled 1,097,393 passengers ; under electrification, ten 
years later, this figure had increased by 3,656,239 to 
4,753,632, exclusive of season ticket holders. During the 
same period the number of season tickets issued increased 
from 8959 to 57,600. The passenger receipts at these 
three stations were £54,164 in 1925 and £197,218 in 1935. 

There has been a similar increase at Belmont, Banstead, 
and Epsom Downs, where under steam in 1927 the 
passengers dealt with numbered 329,778, compared with 
859,794 under electrification in 1935. The number of 
season tickets issued increased from 2964 to 11,484, and 
the passenger receipts from £15,344 to £49,754. Stone- 
leigh, a new station on the Epsom-Waterloo line, dealt 
with 256,209 passengers in 1933, and in 1935 this figure 
was trebled to 716,855, while the season ticket issue in 
these two years went up from 5671 to 19,442, the receipt 
increasing from £12,897 in 1933 to £38,875 in 1935. 

The increase in the traffic has, however, not been con- 
fined to these newly built-up areas, but a considerable 
increase has been obtained generally; for instance, at 
Tooting Junction Station, which has long been a fully 
built-up area, the number of passengers under steam 
conditions in 1928 was 65,367 and in 1935 the total was 
600,913, while the season ticket issue rose from 414 to 
4353. 

The handling of the morning and evening business 
traffic is one of the greatest problems that has had to be 
dealt with, and while passengers think of themselves as 
individuals the railway company has to think of them in 
thousands. During the twenty-four hours on weekdays 
the company’s London terminal stations receive 2427 
trains containing about 354,000 passengers. During the 
three business period hours from 7 a.m. to 10 a.m., 520 
trains arrive with 226,807 passengers, and if the traffic 
were evenly spread over these trains each would have 
nearly 160 spare seats. Unfortunately, however, the 
traffic is so concentrated that about a third of the day’s 
total passengers, namely, 115,000, arrive during one hour 
of the morning rush period—hence a certain amount of 
ovecrrowding is inevitable—and there are no signs that 
the passengers will spread themselves in this obliging 
fashion, even for their own comfort ; in fact, concentration 
within the peak period is much more acute now than it 
was in pre-war days, owing to the standardised hours of 
labour under which the lower grades start work later and 
the higher grades earlier and, apart from this factor, there 
has, even in the last ten years, been an increase of 59,547 
passengers in these three hours. 

The overcrowding is most serious on the South-Eastern 
section ; it is a fact, however, that even during the peak 
period the majority of the up trains leave London Bridge 
for Cannon-street or Charing Cross with spare seats in the 
rear coaches and with passengers standing in the front 
coaches, such is the haste to get out of the station through 
passengers cutting their arrival so fine, notwithstanding 
the frequency of service. 

On the Waterloo side, considerable permanent way and 
signalling alterations have just been carried out at a cost 
of over £500,000 in order to enable more trains to be run 
to relieve the overcrowding during the business periods. 
The immediate effect of this improvement was to admit 
of the introduction of a new service of three trains per 
hour between Motspur Park and Waterloo during the 
business period, and this, in turn, relieved the over- 
crowding of the Dorking trains and enabled this service 
to run non-stop between Motspur Park and Waterloo. 
The full benefit of the permanent way alterations will be 
felt in connection with further electrification schemes 
which are now in hand. 

On the central section track congestion is experienced 
between Coulsdon and Windmill Bridge Junction—just 
north of East Croydon. At Coulsdon North the main 


line joins the Redhill line, also the local line starting at 
Coulsdon North ; a little further on, at Purley, the Cater- 
ham and Tattenham trains come in and then at South 
Croydon the Oxted line trains join the stream; leaving 
Croydon the trains divide, some going to Victoria and 





some to London Bridge, and while this separation eases 
the track it introduces another source of difficulty to the 
company and annoyance to passengers. It is the claim of 
Victoria versus London Bridge ; if a train goes to Victoria 
some of the passengers want it to go to London Bridge ; 
if a train goes to London Bridge, some want it to go to 
Victoria. 

On the eastern section the through station at London 
Bridge is another bottle neck and a very formidable one, 
too. It governs the number of trains that can be run to 
and from Cannon-street and Charing Cross, and the growth 
of the traffic to these stations during the last ten years has 
been very extensive, particularly in the case of Charing 
Cross, as there has been a very marked increase in the 
business traffic to the West End. 

In 1925, 11,000 passengers alighted at Cannon-street 
during the busiest hour ; ten years later the number had 
increased to 16,000, an increase of 45-4 per cent., but in 
the same time the number of passengers alighting at 
Charing Cross during the busiest hour rose from 5000 to 
18,000, an increase of 260 per cent. 

In the 1925 business period there were 101 trains to 
these two terminals—36 to Charing Cross and 65 to Cannon- 
street—and ten years later, in 1935, the number had 
increased to 125—59 to Charing Cross and 66 to Cannon- 
street. In the busiest hour 48 up trains pass through 
London Bridge, 29 going to Cannon-street and 19 to 
Charing Cross. During the same hour, 46 trains terminate 
at London Bridge, a total of 94 up trains in one hour. 
There is, of course, a corresponding number of down 
trains, as for every up train there must be a down train, 
otherwise the London terminals would become blocked 
with trains. All these trains are controlled by one colour 
light signal-box at London Bridge. 

In illustration of the closeness of the working it may be 
mentioned that at Borough Market Junction the path of 
the twenty-nine trains to Cannon-street is crossed by 
nineteen trains from Charing Cross, which have also to fit 
in with twenty trains from Cannon-street. 

Tn 1929 a loop line was constructed between Lewisham 
and Nunhead in order that freight trains to and from the 
northern lines could be kept clear of the London Bridge 
route, and more passenger trains run. This route is now 
full to saturation point, and as it is not possible to make 
any further increase in the number of trains through 
London Bridge, the Nunhead-Lewisham loop line was 
electrified in October, 1935, to admit of the introduction 
of new passenger services from Dartford to St. Paul’s, both 
vid Bexleyheath and via Sidcup, in order to relieve the 
overcrowding of the London Bridge trains. There are 
now ten trains an hour to London over both of these 
routes. 

Colour light signalling was installed several years ago, 
and to indicate the importance of even a few seconds on 
this part of the track, it should be mentioned that recently 
an alteration was made in the signalling at London Bridge 
in order to effect a saving of from 10 to 12 seconds in the 
clearance of No. 7 platform line. 

The general increase in the rush hour traffic can best be 
illustrated by the following particulars of the numbers of 
passengers arriving in London between 7 a.m. and 10 a.m. 
each week-day :— 


Year. Passengers. 
1925 167,260 
1930 196,929 
1936 226,807 


From these figures it will be seen that there has been a 
general increase in the morning rush hour traffic of 59,547 
passengers, or 35-6 per cent., since 1925. 

Turning to the non-business or slack periods of the day, 
a still higher percentage increase in the number of pas- 
sengers carried is found. Here, again, something is due to 
the convenient location of the London terminals, as, these 
having attracted the business man to reside on the Southern 
Railway, his wife and family form a source of traffic 
during the non-business hours—and apart from the 
business man, almost the whole of the area within one to 
two hours’ journey from London is mainly residential 
with a high proportion of better class residents having 
leisure and means for journeying to London for shopping 
and amusement. The improved train service provided 
under electrification between 10 a.m. and 4 p.m. and again 
after 7 p.m. has therefore resulted in the creation of an 
excellent traffic, the receipts from which assist in meeting 
the high costs of the rush hour traffic. 

The number of passengers travelling to London daily 
in the non-rush hours has grown as follows :— 


1925 82,344 
1930 97,401 
1936 127,407 


giving an increase, since 1925, of 45,063, or 54-7 per cent. 

As an instance of the popularity of electric travel, it 
may be noted that the Victoria to Hastings line, vid 
Lewes and Eastbourne, was electrified in July, 1935, 
and that the passengers travelling from Victoria to 
Hastings by this route during August, 1935, was 15,847, 
compared with 8069 in 1934, an increase of 7778, or 
96-3 per cent.; during the same month the traffic from 
Charing Cross to Hastings, vid Tonbridge, which is still 
steam operated, fell from 21,535 in August, 1934, to 
18,295 in August, 1935, a decrease of 3240, or 15 per cent., 
and this notwithstanding the fact that the steam service 
was improved in 1935 and that it has the benefit of the 
shorter and quicker route. 

In 1935 the total number of passenger journeys on the 
electrified lines was 256,589,000, an increase of 9,198,000 
compared even with 1934. On the electrified portion of 
the main line 16,500,000 passengers were carried in 1935, 
an increase of 4,000,000 over 1932, the last steam year. 

FINANCE. 

On the financial side the results are equally satisfactory. 
In 1935 the receipts from passengers using the electrified 
services were £6,833,000, an increase over 1932 of £801,000, 
or 13 per cent., and compared with the corresponding 
steam services the increase is estimated at £2,090,000, or 
44 per cent. 

On the expenditure side costs have increased because, 
although the cost per electric train mile is less than per 
steam train mile, more trains are run. In 1935 the total 
working expenses were not more than £200,000 higher than 
the amount which would have been spent on working the 
displaced steam services. 

After allowing for working expenses there was thus in 





the year 1935 an increase in net receipts from passengers 
on the electrified lines of £1,890,000, deh with the 
corresponding net receipts immediately before the various 
lines were so converted. 

The total outlay on electrification is £16,000,000. On 
this, about one-half, viz., £8,000,000, has been charged to 
capital expenditure and the other half to revenue. Of 
the charge to revenue approximately £5,000,000 has been 
provided from the rolling stock renewal fund, the provision 
of the electric stock having relieved the company of the 
liability to renew the displaced steam stock. 

Looking ahead, it may be noted that the policy of 
electrification having proved so successful, various addi- 
tional schemes have already been decided upon, namely :— 

Victoria and Portsmouth vid Dorking and Horsham ; 
London and Hastings vid Tonbridge; London and 
Chatham and Gillingham, and from Strood to Maidstone 
West ; Virginia Water to Reading, Ascot to Ash Vale, 
Frimley Junction to Pirbright Junction, and Guildford 
to Aldershot Junction North; whilst the lines between 
Waterloo and Portsmouth and Alton vid Woking are 
already being electrified and will, it is hoped, be ready for 
traffic in July, 1937. Other schemes also are in course of 
preparation. 

CONCLUSION. 

In my endeavour to adhere strictly to the subject of this 
paper as defined in its title, it will be observed that I have 
made no reference to the question which, in some quarters, 
is a burning one, viz., steam v. electricity. 

Whilst I have endeavoured to show, and trust I have 
succeeded in doing so, that electrification was the solution 
of the traffic problem on the Southern Railway, this does 
not mean that it would equally meet the case on all British 
railways. 

It has to be borne in mind that roughly 70 per cent. of 
the Southern Railway revenue is derived from passenger 
traffic, whereas in the case of the other three main line 
companies about a corresponding proportion is obtained 
from freight and mineral traffic. 

To what extent, therefore, the railways of this country 
should be electrified still remains a subject for discussion 
by the experts and for study by the members of this 
Institute. 








PERSONAL AND BUSINESS ANNOUNCEMENTS. 


Mr. Errc Rea, County Agricultural Organiser for Gloucester- 
shire, has resigned that position in order to join the staff of 
R. A. Lister and Co., Ltd., of Dursley, Glos. He has been 
appointed agricultural adviser to the board of the company, 
and of its associated firms. Mr. Rea will take up his new duties 
on February Ist. 

Ruston AND Hornsby, Ltd., Lincoln, have appointed Mr, 
E. H. Siddall as manager of their Dublin branch in succession 
to Mr. T. C. Ives. For the last seven years Mr. Siddall has been 
attached to the company’s Glasgow branch. Mr. Ives, who has 
managed the Dublin branch for the past twelve years, is leaving 
Ireland at his own request, but he is not severing his connection 
with the company. 

Tue MrrrtEEs Watson Company has concluded an arrange- 
ment with the Gill Propellor Company, London, whereby it 
now has a licence to manufacture axial-flow pumps to the 
design and patents of the Gill sy gg Company. To take 
charge of this work it has engaged Mr. J. H. 8. Linscott, who 
has been associated with the Gill Propellor Company in the 
development of axial-flow pumps since its inception some years 
ago. 4 

SHEEPBRIDGE STOKES CENTRIFUGAL CasTINGs Company, Ltd., 
Chesterfield, announces the appointment of Mr. Horace J. 
Young as its chief technical representative and metallurgist. 
For fifteen years Mr. Young was chief metallurgist to the North- 
Eastern Marine Engineering Company, of Wallsend-on-Tyne 
and Sunderland, leaving there to become a consultant in London. 
He then joined Hepworth and Grandage, Ltd., of Bradford, from 
which firm he has now resigned. 











CONTRACTS AND ORDERS. 


The Editor is always happy to print short announcements of 
contracts and orders in this column provided they are sent to him 
in time to have news value and that they are likely to interest readers. 


BAsTIAN AND ALLEN, Ltd., London, inform us that they are 
supplying the boiler-house plant, comprising a 200-kW, 400- 
volt’ electrode circulator and equipment, for the Worksop 
Central Library and Museum. 

Tue LiveRPooL REFRIGERATION Company, Ltd., has received 
an order from H.M. Government for the supply and installa- 
tion of a large refrigerating plant for overseas. The plant will 
comprise seven “ Polar” patented sleeve valve, vertical, single- 
acting, totally enclosed, triple-cylinder ammonia compressors, 
operating on the two-stage principle, each being driven through 
endless multiple vee belts by enclosed ventilated slip-ring 
electric motors. Seven condensers will also be installed, three of 
the multitubular type and four of the atmospheric type. The 
plant is to be used for ice-making, refrigerating several cold 
stores (for which the Live | Refrigeration Company, Ltd., 
has also contracted) and air conditioning. 

Tue L.M.S. RAitway announces that in connection with the 
electrification of the Wirral lines from Birkenhead Park to 
West Kirby and New Brighton, further orders for sub-station 
and track equipment and for power transmission lines have 
been placed with British manufacturers. For sub-station 
equipment: Hewittic Electric Company, glass bulb rectifiers ; 
Crompton Parkinson, Ltd., E.H.T. switchgear ; British Thom- 
son-Houston Company, D.C. switchgear ; Automatic Telephone 
and Electric Company, remote-control apparatus; J. L. Eve 
Construction Company, power transmission lines. For track 
equipment: Lancashire Steel Corporation, conductor rails ; 
Bullers, Ltd., conductor rail insulators; British Insulated 
Cables, Ltd., conductor rail and running rail bonds. 








CATALOGUES. 


Gent anv Co., Ltd., Leicester—Book 2 F on telephones for 
offices and industrial buildings. 

L. A. Mrtrcnett, Ltd., 37, Peter-street, Manchester.— 
Leaflets on fluid mixers and stirrers, drying plant, chemical, 
and process plant. 

MaRELLI AND Co., Ltd., Artillery House, Artillery-row, 
S.W.1.—Leaflet P.M. 1767 on fractional H.P. polishing and 
grinding motors. 
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Markets, Notes and News. 


Unless otherwise specified home trade quotations are delivered f.o.t. 
be found on the next page. 


The prices quoted herein relate to bulk quantities. 
A comprehensive list of the prices of materials mentioned below will 


f.o.b. steamer. 


The Japanese Steel Industry. 


The Report on Economic and Commercial Con- 
ditions in Japan, published by the Department of Overseas 
Trade (2s. 6d. net) contains some interesting information 
regarding the iron and steel industry in that country. 
Special attention has been paid to increasing the produc- 
tion of pig iron in order to make the country less dependent 
upon imports of scrap from the United States. The 
wisdom of this policy is proved by the increase in the price 
of scrap since the report was published, which has enhanced 
the costs of manufacturing finished products, with the 
result that Japanese exports have suffered. Japan has 
large coal deposits and obtains her iron ores largely from 
China and the Malay States at comparatively cheap rates, 
partly because the ores are shipped in Japanese vessels. 
According to the report, however, the Japanese producers 
may find it necessary before long to obtain new sources 
of supply for iron ore. Amongst the units which are under 
construction is one 1000-ton open-hearth furnace at 
Yawata Steel Works, a 350-ton furnace at the Wanishi 
Works, and a 350-ton furnace at the Kenyiho Works, 
Korea. These are expected to be completed by the autumn 
of 1937. It is hoped also to construct another 1000-ton 
blast furnace at Yawata and a 700-ton blast-furnace at 
Kamaishi. In May of this year a 400-ton blast-furnace 
was put into operation at the Kawasaki Works of the 
Japan Steel Tube Company, and another furnace of this 
size is under construction, and is expected to be ready in 
1937. It is pointed out that the fact that the Showa 
Works in Manchuria has started manufacturing steel will 
probably adversely affect Japanese exports to that 
country, and that exports to other Asiatic countries must 
expand if Japanese overseas trade is to be maintained. 
In 1935 for the first time in the history of the Japanese 
iron and steel industry exports of finished products 
exceeded the imports. There has been a considerable 
decrease in recent years in the volume of iron and steel 
imported into Japan, which totalled 187,794 tons in the first 
half of 1935, declined to 127,164 tons for the last six 
months of that year, and rose to 149,211 tons for the first 
six months of 1936. 


The Pig Iron Market. 


Difficult conditions continue to rule in the pig 
iron market and the scarcity of foundry iron appears to 
have become, if anything, accentuated. In fact, some con- 
sumers say it is as acute as in the winter of last year. 
Preparations which are being made to put fresh furnaces 
into production are likely to be held up by the uncertainty 
regarding the position of ore and fuel, particularly of the 
former. Steps are being taken, however, to find alternate 
sources of supply, as it is thought that for some time after 
order has been restored arrivals from Spain will be 
erratic. On the North-East Coast the production of 
foundry iron is confined to one furnace and this is insuffi- 
cient to meet the demands against current contracts. New 
business in No. 3 Cleveland foundry has practically ceased, 
but a ,few transactions have been reported in other 
qualities which consumers are using as substitutes. In 
order to make the present production go as far as possible 
amongst local suppliers deliveries to outside districts have 
been curtailed, and last month the total shipments from 
Middlesbrough to Scotland were under 2000 tons. In 
the Midlands the position is distinctly stringent so far as 
deliveries up to the early part of next year are concerned. 
Some of the Northamptonshire makers have retired from 
the market, but it is understood that the producers’ 
association has given permission that sales can be made 
for delivery beyond March, 1937. Few of the North- 
amptonshire producers, however, have shown any interest 
in dates so far forward. The position in Derbyshire is not 
quite as severe, since the demand for iron produced in this 
district is not so insistent as it is for Northamptonshire 
brands. There are still some stocks at the furnaces and 
business is possible for far forward delivery. It is under- 
stood that some of the Derbyshire furnaces have entered 
into contracts to deliver up till June next year. In Lanca- 
shire a heavy demand exists for foundry iron, but com- 
paratively little new business has been transacted owing 
to the scarcity of supplies. Specifications are being 
pressed upon the makers and judging from the activity 
in the engineering and light castings industries, it is prob- 
able that the requirements of the market will expand 
rather than decrease. Conditions that rule in the hematite 
department are tighter than a few weeks ago, and the 
producers are confining their operations to the sale of odd 
parcels. There is a general expectation of higher prices 
and in some cases premiums are being asked up to 10s. 
per ton by firms able to give fairly early delivery. 


The North-East Coast and Yorkshire. 


No relaxation is noticeable in the pressure to 
obtain supplies of manufactured steel from the works 
on the North-East Coast. Although production is pro- 
ceeding at a record rate it falls short of consumers’ 
requirements, and not only are there delays in deliveries 
against contracts, but irritation is caused by the difficulty 
of placing orders except for execution by a far forward 
date. There has been an active inquiry on export account, 
but the producers are giving preference to orders from 
home consumers. All the re-rolling mills are fully occupied 
and carry sufficient orders to keep them employed for 
some months. The works making semis are in no better 
position so far as working off their arrears of deliveries 
are concerned than they were several weeks ago. Contracts 
are being pressed upon the makers, who are reluctant to 
accept fresh business in the present crowded state of 
their order books. The heavy requirements of the market 
arising from work in which English steel only is specified 
show no signs of diminishing, and re-rollers are again 


The improvement in the situation at the shipyards on 
the North-East Coast has been reflected in an increased 
demand for steel, and this has added to the congestion 
at some of the works. The demand for structural steel 
of all descriptions has probably never been greater than 
at present, and in spite of their efforts to maintain a fair 
distribution of material amongst their customers the works 
are unable to keep pace with the needs of the market. 
The plate mills are well employed and are only able to 
quote for extended delivery. Although the mills are 
receiving a fair amount of inquiry from foreign buyers, 
a comparatively small proportion of this business can be 
accepted. In the Yorkshire market the demand seems 
to be increasing more rapidly than production, and the 
makers are turning an anxious eye to the available 
supplies of ore and fuel. The tendency of fuel prices to 
rise is another source of worry but it is understood that 
steel prices are not likely to be advanced until, at any 
rate, the spring of next year. Producers of basic billets 
are finding it difficult to overtake their arrears, and the 
call for acid carbon billets is also expanding. All the 
makers of rods and strip are well employed, and business 
in special steels has been one of the features of the market 
for some time past. The makers of stainless steel are 
working practically at capacity, and although the greater 
part of the demand is for sheets, other descriptions of 
this steel are also in active request. 


Scotland and the North. 


The lull in the volume of new business offering 
the works which was noticeable for about a fortnight has 
passed and the market has regained the activity which 
characterised it early in October. The spell of quiet trading 
did not last long enough to give the works breathing space 
or to enable them to overtake their arrears in deliveries. 
A number of fresh shipbuilding contracts have been 
placed with Clyde builders lately and these have ensured 
that the works producing ship plates and sections will be 
well employed over the first part of 1937. The require- 
ments of constructional engineers too are sufficiently 
heavy to cause embarrassment to the producers, and this 
industry also is expecting that fresh contracts will be 
placed during the next few months, whilst the firms 
specialising in marine engines are not only working prac- 
tically at capacity, but are preparing for fresh business on 
an important scale as a result of tenders which are out- 
standing. The quietest section of the trade is the bar iron 
department. The demand for this material does not 
appreciably expand and there is a certain amount of idle 
plant. Quotations, however, are steady on the basis of 
£10 10s. delivered for Crown bars and £10 f.o.b. for export. 
On the other hand, the re-rolling works are operating full 
time and few of them are in a position to give anything 
approaching early delivery. The re-rollers’ only anxiety is 
concerned with their supplies of billets. For a consider- 
able time now they have been working on hand-to- 
mouth supplies and have been unable to build up stocks. 
Arrivals of Continental semis in good quantities are 
expected shortly, and the consumers are hoping that their 
position will be made secure. Export business in this, as 
well as in most other departments of the steel industry, is 
restricted by the difficulty of giving early delivery. The 
weakness of overseas trade is chiefly noticeable in the sheet 
department, and in spite of the arrangement with the 
Continental makers, the export markets are not taking the 
quantities expected, although some improvement is 
apparent. The home demand, however, leaves little to be 
desired and business in sheets of special quality is par- 
ticularly good. The situation in the Lancashire market has 
become very tight. Specifications are reaching the works 
at an abnormal rate and the producers are hard put to it 
to meet their commitments. Consumers would be pre- 
pared to place more contracts, but the makers are by no 
means willing sellers, and in any event will not accept 
business for delivery beyond May, 1937. The activity 
on the North-West Coast is fully maintained. The mills 
at Barrow and Workington are in full operation and large 
outputs of billets, rails, and hoops are being obtained. 


Export quotations are 


Glasgow shipyard of Charles Connell and Co., Ltd., has 

en reopened. There are now no idle yards on the 
Clyde. An order for two cargo ships has been received 
from Glasgow owners. The Cleveland Bridge and Engi- 
neering Company, Ltd., Darlington, have given a contract 
to the Wellman Smith Owen Engineering Corporation, 
Ltd., for two bridge erection cranes of the creeper type, 
which will be used for the erection of the cantilever bridge 
over the Hooghly River between Howrah and Calcutta. 
The Department of Overseas Trade announces that the 
following contracts are open for tender :—South African 
Railways and Harbours Administration: supply of 
structural steel work for the extension to coal bunker at 
Queenstown (South Africa, January 11th, 1937) ; Victoria, 
State Electricity Commission: supply, delivery, and 
erection of complete boiler-house plant, including buildings, 
water-tube boilers, boiler feed plant, pipe work, coal and 
ash-handling equipment, and chimney and accessories 
(Melbourne, March 2nd, 1937); Brazilian State Railways 
Administration: quantities of steel bars, plates, angle 
bars, U sections, and round steel for rivets (Porto Elegre, 
December 2nd). 


Copper and Tin. 


The tone of the copper market this week has been 
less confident than of late, and prices have moved some- 
what irregularly. This is a natural outcome of the 
announcement by the copper producers of a further 
increase in production. The rate of output has now been 
raised to 105 per cent. of the standard figure, and the view 
taken by the market is that this production will probably 
result in an increase in stocks, since the consuming 
industries are hardly likely to absorb at once the fresh 
copper which the increase will make available. On the 
other hand, whilst all the producers have been given per- 
mission to operate at the rate indicated, it does not mean 
that they will immediately do so, and it is probable that 
the necessity for increasing plant and adding to the labour 
force will prevent full advantage being taken of the rise 
in the quota. Another interesting development in the 
copper position is that American producers, in spite of 
their efforts to hold the domestic price in check, have been 
obliged to increase it from 10 c. to 10-50 c. Before this 
was done there had been sales at 10-25 ¢., and it was 
obvious that the official price had become almost entirely 
fictitious. Conditions in the market have not materially 
changed over the week. There is still a scarcity of metal 
for November-December shipment, and there seems no 
likelihood of any relaxation in the industrial demand. 
Considerable activity has characterised the standard 
copper market, and although profit-taking has at times 
depressed prices, fresh speculative bull purchases have 
quickly raised the quotation again.... After a period of 
comparatively dull trading conditions, prices in the tin 
market developed unusual strength on the news that, 
subject to ratification, the International Tin Committee 
and the Siamese producers had reached an agreement. 
The news was made known on November 5th, and the first 
consequence was a rise of £11 in the price of the metal. 
Naturally after such a spurt in values prices later receded, 
but a considerable amount of the advance was held. 
Consumers appear to be watching the position with some 
nervousness, and are anxiously covering their require- 
ments. The movements in the tin market have been so 
erratic for some time past that many users have preferred 
to place their orders at the last minute, but with the 
prospect of considerable price increases following the 
agreement between the producers, a fair amount of 
industrial buying has been brought out. 


Lead and Spelter. 


Business in lead has again become active, and 


although there is no doubt that a considerable proportion 
of the recent buying has been of a speculative character, 
the industrial demand is still unusually heavy. 
ally, the metal is in a sound position and there seems no 


Statistic- 


Current Business. 


The London, Midland and Scottish Railway 
Company have placed an order with the Lancashire Steel 
Corporation, Ltd., Warrington, for conductor rails. Thos. 
W. Ward, Ltd., who bought the Jarrow steel works site 
from National Shipbuilders’ Security, Ltd., are now 
offering it for sale again in the open market owing to the 
failure of the Jarrow scheme. The ban on shipbuilding 
on the site for forty years will remain in operation. The 
following Sheffield firms have participated in Government 
orders for steel materials placed recently :—Thos. Firth 
and John Brown, Ltd.; Swift, Levick and Sons, Ltd.; 





likelihood of any decrease in the demand from consumers. 
It is quite true that a large tonnage of lead is being used 
in connection with rearmament work, but there is also a 
very substantial quantity passing into consumption in the 
form of ordinary commercial products. Lately the cable 


makers have been actively employed and their rate of 
consumption of the metal has materially improved. 
not easy to buy prompt lead, and as a result spot and 
forward prices are level. 
reached last week of £21 10s. was not held, it is interesting 
to note that this was the highest figure touched since 1930. 
and the market is beginning to wonder whether in spite of 
the boom conditions prevailing in the non-ferrous metal 
markets lead is not now fully valued. 
market has also advanced sharply, but the position there 


It is 


Although the highest point 


The American 


and Tozer, Ltd. (for steel tires) ; 
Works, Ltd.; 
Rotherham. 


Wales. 
manufacture of tin containers. 





becoming nervous with regard to their future supplies, 





English Steel Corporation, Ltd.; W. Jessop and Sons, 
Ltd.; Samuel Fox and Co., Ltd., Stocksbridge ; Hadfields 
Ltd.; Dunford and Elliott (Sheffield), Ltd.; Steel, Peech 
Brown Bayley’s Steel 
and John Baker and Bessemer, Ltd., of 
The first combined tin-plate and tin box 
manufacturing plant in this country will be put into 
operation by the Metal Box Company, Ltd., which is to 
build a works upon reclaimed marsh land immediately 
adjacent to the Eaglebush Tinplate Works, in South 
The new plant will deal with the first stages of 
The Burntisland Ship- 
building Company, Ltd., has received orders for four 
vessels, the machinery for which will be supplied by David 
Rowan and Co., Ltd., Glasgow. W. Holyman and Sons, 
Proprietary, Ltd., of Launceston, Tasmania, have placed 
a contract with the Grangemouth Dockyard Company, 
Ltd., for a general cargo motor ship, 230ft. in length. 
John G. Kincaid, Ltd., Greenock, will supply the pro- 


owing to the operation of the American tariff has no effect 
upon the London market, excepting perhaps a slight 
sentimental influence.... The price advances which 
have taken place in other non-ferrous metal markets have 
naturally favourably affected the spelter market, although 
the underlying conditions have not greatly changed. 
Speculators have shown more interest in the metal, 
probably in the expectation that with the price of lead 
and other metals advancing so rapidly the quotation for 
spelter should also move upwards. This view has proved 
correct, and although there have been reactions on profit 
taking the general price tendency has been firmer. One 
effect of the upward movement has been to encourage 
consumers to buy forward metal more freely. For months 
past the movements in this market have been so restricted 
that users have been able to ieave their purchases to the 
last moment with little fear that by so doing the price 
might move against them. The outlook, however, has now 
changed and most of the important users have taken the 





pelling machinery. After remaining idle for six years the 


precaution of covering some, at least, of their requirements. 
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Makers’ official home trade prices per ton, delivered buyers’ stations. 
plates and sections, 15s. 


British Steelmakers: joists, 22s. 6d. ; 
PIG IRON. 
Home. Export. 
(D/d Teesside Area) 
N.E. Coast— £ 6: da. $ « d. 
Hematite Mixed Nos.*.. 4 5 0.. 314 6 
No, 1 2 oy es. 315 0 
Cleveland— (D/d Teesside Area) 
No. 1 “s 2 —_ 
No. 3 G.M.B... a ee -— 
No. 4 Forge Cee ee BR. 
Basic (Less 5/— rebate)... 315 0.. ~ 
MipLanps— 
Staffs— (Delivered to Black Country Station) 
North Staffs. Foundry... 4 0 0.. — 
sie » Forge 315 0.. ~ 
Basic (Less 5/— rebate)... 315 0.. — 
Northampton— 
Foundry No. 3 317 6 -- 
Forge 312 6 — 
Derbyshire— 
No. 3 Foundry 40 0 — 
Forge 315 0 - 
ScoTLanp— 
Hematite, f.o.t. furnaces* 4 5 6 —_ 
No. 1 Foundry, ditto O.Ri8 ~ 
No. 3 Foundry, ditto 220 ©. 
Basic, d/d (Less 5/—rebate) 315 0. 
N.W. Coast— (4 5 6d/d Glasgow 
Hematite Mixed Nos.* {4 11 0O ,, Sheffield 
417 0 ,, Birmingham 
* Less */— rebate. 
MANUFACTURED IRON. 
Home. Export. 
Lancs. aNnD YoRKS.— & 2, £..0.4 
Crown Bars 110 0... 10 0 0 
Best Bars BR @® Ores 10 12 6 
MIpLanpDs— 
Crown Bars er << m 000 
Marked Bars (Staffs.) .. 13 0 0. 12 10 0 
No. 3 quality D 27:8. ~ 
No. 4 quality 212: 4.. — 
ScotLanp— 
Crown Bars 1010 O.. 10 0 0 
Best. . ie 0... 10 12 6 
N.E. Coast— 
Common Bars 2030 Os. 10 0 0 
Best Bars feo SS se Ore... 10 12 6 
Double Best Bars ni 8 .. 1110 0 
NORTHERN IRELAND AND FREE STaTE— 
Crown Bars f.o.q. .. jae ae 6 2. _ 
STEEL. 
LONDON AND THE SoutH— Home. Export 
£ ga. £ s. d. 
Angles o.2.8. *s 0 0 
Tees.. mM 2-6... *79 0 0 
Joists 910 0. *8 0 0 
Channels. o 78. *8§ 5 0O 
Rounds, tin. and up wm 2 6. *9 0 0 
- under 3in. .¢. © ; 8 2 6 
Flats 2, 8, 6... 8 2 6 
Plates, #in. (mie 912 6. 8 5 0 
ie fein. .. PET G: +8 10 0 
ms tin. .. 2 3: 78 15 0 
ae fein. . — 2 2 9 0 O 
Un. ¥% to in. inal, Dy AP 910 0 
Nortu-East Coast— £ 2. d. £ se. ad. 
Angles opr'e al Se 
Tees. . 10 00. *9 0 0 
Joists So. es *8§ 0 0 
Channels. sis Ge 950. *§ 5 0 
Rounds, Sin. and up i @. a. "9 0 0 
- under 3in. oF Os 8 2 6 
Plates, #in. (basis) 7s Se 78 5 0 
= fyin. .. 912 6. 78 10 O 
a din. .. 9.1% 6. 78 15 0 
ee fin. . ~~ oe TY 9 0 0 
Un. ¥ to tin. incl. 915 0. 910 0 
Boiler Plates, jin. 917 6. 817 6 
MIDLANDS, AND LEEDS AND DistrictT— 
. & @. £s. d. 
Angles ®.9. 0. *8 0 0 
Tees.. 1000. *9 0 0 
Joists Or 6 *8 0 0 
Channels. . oe Oo. *8 5 0 
Rounds, 3in. and up wo ee. *9 0 0 
Pe under 3in. Fy v's 8 2 6 
Flats, 5in. and under > 7.8. § 2 6 
Plates, #in. (basis) 9.20: 0... t8 5 O 
‘i fein. .. 915 0. 78 10 0 
ws fin. .. 10 0 0. 8 15 0 
= frin. . ro”, Sy 9 10 O 
Un. ¥& to Hin. est, 915 0. i a. 
Boiler Plates, jin. 19 0 0 817 6 





Current Prices for Metals and Fuels. 





*For Markets other than Canada, 


South Africa 5s. and Foreign Markets 2s. 


STEEL (continued). 


Home. Export. 
GLascow AND District— 4a. 2. 2 8. a. 
RE 5k cs ove wee oe. *8 0 0 
Tees. . ar SR Ok ye *79 0 0 
RE Fhe dunes Abts, .<'sqariinty ice *s 0 0 
Chenneles..cccnt eevee BH Bis *§ 5 0 
Rounds, 3in. and up 10 0 0. 70:0 «@ 
F under 3in. Se ORME... 8 2 6 
Flats, 5in. and under .. 9 7 0. 8 26 
Plates, jin. (basis) .. 9 7 6. 8 5 O 
55 ~tRNDRs ih0? «ay Lowy ek Dey 78 10 O 
Set rae er re +815 0 
= fin. . oo WO: Bok. 9 0 O 
Un. % to fin. incl. A Oe 910 0 
Moller cases... oe SATS 817 6 
South WaLes AREA— £a.d | 
BE ea ae ae ee ee *8 0 0 
Tees.. i. -wis,, co, te ee *9 0 0 
MR NS as Wo ee ee ee *8 0 0 
chemeeks:. «2 3s ts OP EO. *§ 5 0 
Rounds, 3in. and up in 0 @.. "2 0.9 
> under 3in. ie oe ee § 2 6 
Flats, 5in. and under .. 9 7°0. 8 2 6 
Plates, jin. (basis) .. 910 0. t8 5 0 
pe! OMS ssi) AOR Br Oe 78 10 0 
ra mn i ek RR GT, 78 15 0 
AA fein. . mae a 79 0 0 
Un. 4 to fin. beak RO cn sie 910 0 
IRELAND—F.O.Q. BELFAST. Rest oF IRELAND. 
£s.d £s.d 
Migtea? ass Se Tare e sg 
Tees. . .. ee eee wee 10 7 6 
mE gs, ch) ce. ele, ae SS 915 0 
Channels... ae 912 6 
Rounds, 3in. aad up 10 5 O ea ee 
a under 3in. Ne 8 5 0 
Pistes, Zin. (bnsis) «=... '9'1S GL. e. +915 0 
o is ss, iy sm, Oe EE we ha t10 +O O 
= tin. eet Se oe ea 710 5&5 O 
o fin. ey ay ne 410 10 0 
Un. & t0.jin nek, BO Sit Bi jos 3-210 10 5 0 
OTHER STEEL MATERIALS. 
Home. Export. 
Sheets. 8, Bs) ahs § «Bins 
14-G. to 20-G., d/d BWV 26s Ora 10 5 O 
21-G. to 24-G., d/d ORs Orr Feo 4 10 10 O 
25-G. to 27-G., d/d IS O.4  'o. li 5&5 0 


The above home trade sheet prices are for 4-ton lots and over ; 
2-ton to 4-ton lots, 10s. per ton extra; and under 2-ton lots 


30s. per ton extra. 


Galvanised Corrugated Sheets, Basis 24-G.— 
Home. &  s. a. 


4-ton lots and up 14 0 0 
2-ton to 4-ton lots .. 14 7 6 
Under 2 tons 160 0 
Export: India, £12 7s. 6d. to £13 2s. 6d. c.i.t.; South 


Africa, £12 10s. 0d. f.0.b. plus 3 p.c. invoice value ; 
Irish Free State, 


17s. 6d. f.o.b.; 
General, £12 10s. 


Rhodesia, £12 
£14 Os. Od. f.0.q. ; 
Tin-plates. 
20 by 14 basis, f.o.b. Bristol Channel Ports, 18s. 9d. 
Tin-plate Bars, d/d Welsh Works, £6 0s. Od. 


0d. f.o.b. 


Billets. 2) a. .0. 
Basic, (0-33% to 0-41% C.) we Boebi® 
» Medium (0- poy to 0- 60% C.).. 715 0 
» Hard (0-61% to 0-85% C.) 8 5 0 
” » (00-86% to0-:99%C.) .. $15 0 
Re » (1% C. and up) 2,6 2 
Soft (up to 0-25% C.), 500 tonsandup 6 2 6 
Rails, Heavy, 500-ton lots, f.o.t. . 810 0 
» Light, f.0.t... vcr F 80: 10 
FERRO ALLOYS. 
Tungsten Metal Powder. . 3/14 per lb. 
Ferro Tungsten 3/- per lb. 
Per Ton. Per Unit. 
Ferro Chrome, 4 p.c. to 6p.c.carbon £21 10 0 T/- 
” ” 6 p.c. to 8 p.c... £21 0 0 T/- 
” ” 8 p.c. to 10 p.c. £21 0 0 7/- 
” ” Specially Refined .. 
” * Max. 2 p.c.carbon £33 10 0 Al/- 
” a" » 1 p.c. carbon £36 5 0 1l/- 
” ” » 0-50p.c.carbon £37 5 0 12/- 
» earbon-free .. 9$d. per lb. 
Metallic Ohioaitur 2/5 per lb. 
Ferro Manganese (loose), 76 { p.c. £11 15 0 home 
» Silicon, 45 p.c. to 50 p.c. £11 15 Oto£l2 5 0 
scale 5/— p.u. 
” oni 4) (28 Pre. £16 17 6to£l7 7 6 
scale 6/— p.u. 
» Vanadium 12/8 per lb. 
»  Molybdenum.. J 4/6 per lb. 
» Titanium (carbon tree) ) 9d. per Ib. 


£200 to £205 


Nickel (per ton) 
° 6/— to 6/1 per Ib. 


Cobalt 








Sections, joists and plates are subject to a rebate to home users purchasing only from associated 
India, Australia and New Zealand, 5s. 
6d. higher. 


per ton must be added. 


NON-FERROUS METALS. 


Official Prices, November 11th. 


CoPpPpER— 
Cash .. £43 11 Sto £43 13 9 
Three months .. £43 18 9tof44 1 3 
Electrolytic £48 10 Oto £49 0 0 


Best Selected gots d/d Bir- 


mingham £49 5 O 
Sheets, Hot Rolled £78 0 0 
Home. Export. 
Tubes, Solid Drawn (basis) .. 113d. 113d. 
»  Brazed (basis) 11}d. 113d. 
Brass— 
Ingots, 70/30,d/d Birmingham £34 0 Oto £36 0 0 
Home. Export. 
Tubes, Solid Drawn, 2/1 Alloy 10$d. 10$d. 
»  Brazed.. 12}d. 12$d. 
Tix 
Cash .. £232 0 Oto £232 10 0 
Three months .. £228 15 Oto £229 5 0 
LEAD: £21 & Oto £21 6 3 
SPELTER : £16 3to £16 7 6 


Aluminium Ingots (British) <6 £100 to £105 


FUELS. 


SCOTLAND 
LANARKSHIRE— Export. 
(f.0.b. Grangemouth)— Navigation Unsereened 15/— to 15/6 
Hamilton Ell 16/6 to 17/- 


19/-to 19/6 


Splints 
AYRSHIRE— 
(f.0.b. Ports)}—Steam 15/6 
FiresHIRE— 
(f.0.b. Methil or Burntisland)— 
Prime Steam .. : 15/— to 15/3 
Unscreened Navigation 14/6 to 15/- 
LotHIans— 
(f.0.b. Leith)}—Hartley Prime 14/6 to 15/- 
Secondary Steam .. ia 14/- to 14/3 
ENGLAND. 
YORKSHIRE, MANCHESTER— 
B.S.Y. Hard Steams 19/6 to 23/- 
Furnace Coke 19/— to 24/- 
NORTHUMBERLAND, NEWCASTLE— 

Blyth Best 17/- 
ae : 16/~ 
re ee eee ee ee 13/- 

Unscreened 15/- to 16/- 

DurHAm— 
Best Gas. . ; 15/- 
Foundry Coke ig nt sept on Me Ue te oere 
SHEFFIELD— Inland. 

Best Hand-picked Branch .. 27/6 to 29/6 

South Yorkshire Best .. . 24/- to 30/- — 

Seconds .. 21/- to 22/- —- 

CarpivF— SOUTH WALES. 
Steam Coals : 

Best Admiralty Large .. 19/6 

Best Seconds 19/~ to 19/44 

Best Dry Large 18/6 

18/3 to 18/6 


Ordinaries 
Bunker Smalls 
Cargo Smalls .. 


13/6 to 14/6 
13/— to 13/6 


Dry Nuts 25/- to 27/- 
Foundry Coke 30/— to 47/6 
Furnace Coke 24/6 to 25/- 
Patent Fuel 22/- 
SwaNszEA— 
Anthracite Coals : 

Best Large ° 36/— to 40/- 
Machine-made Cobbles. . 41/— to 48/6 
Nuts 40/— to 48/6 
Beans 25/- to 35/- 
Peas 19/— to 23/6 


Rubbly Culm. . 11/6 to 12/- 


Steam Coals : 


Large Ordinary 18/— to 20/6 


FUEL OIL. 


Inland consumption ; contracts in bulk. 
Exclusive of Government tax of 1d. per gallon. 


Ex Ocean Installation. Per Gallon. 
Furnace Oil (0-950 gravity) 3td. 
Diesel Oil Noid daa) 4d. 
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French Engineering Notes. 
(From our own Correspondent in Paris.) 


Trade Expansion Promises. 


THE re-election of Mr. Roosevelt as President of 
the United States is regarded in France as preparing the | 


way for the carrying out of the moral pledges that were 
made by the United States, Great Britain, and France to 
stabilise the devaluated franc preliminary to the intro- 
duction of a policy of freer trade exchanges between the 
three countries. It was understood that the United States 
President waited for a renewal of his tenure of office before 
tackling the problem seriously, and consequently it is 
believed that, having now a free hand, he will take the 
initiative, in association with France and Great Britain, to 
formulate a plan that may give a fair start to a revival of 
commercial and industrial activity. This is the pivot upon 
which the whole future of this country turns. It would 
justify the france devaluation and help the country to 
adapt itself to some at least of the social reforms. One 
unhappy consequence of these reforms is an aggravation 
of difficulties that appear likely to limit the scope of the 
work which the three Governments hope to carry through, 
based upon sound elementary economic principles that 
can only be accepted by countries able to make concessions 
for an adequate expansion of trade. The Popular Front 
Government expected that plenty of concessions would 
be afforded by the necessity of preventing price inflation 
on the home market. Higher wages and social charges and 
a shorter working week would naturally be followed by 
increased selling prices, and notwithstanding the Govern- 
ment’s efforts to check the inflation, prices are rising 
slowly, in one case under threat of a strike of both 
employers and workers unless they are permitted to sell 
their commodity product at a level commensurate with 
the higher production cost. There is no longer a question 
of continuing a wholesale suppression of import quotas 
and of allowing a freer importation of foreign goods until 
the situation becomes more clarified. In these circum- 
stances there can be little hope of much progress being 
made with commercial negotiations, except by a qualified 
recognition of principles which will have to be adapted to 
each country’s special situation. Nevertheless, for the 
sake of establishing these principles and creating con- 
fidence, it is generally supposed that an appreciable 
improvement will be observable in the exchanges between 
England and France. 


Employers and Labour. 


After more than five months’ struggle between 
employers and labour the two parties are as far off as 
ever from reconciliation. The past week was marked by 
two characteristic incidents. One of them was the denial 
by the General Federation of Employers that it had been 
in any way associated with the General Confederation of 
Labour in settling debatable points in the Matignon 
contract, which laid the foundations of relations between 
employers and men at the time of the “ stay in ”’ strikes. 
Employers signed the agreement under compulsion, but 
after the formation of the General Federation of Employers 
the resistance of employers became so formidable that 
the Lille strike could only be settled by the Government 
undertaking to revise some points of the contract, particu- 
larly that which deprived employers of authority in their 
own works. The denial of the Employers’ Federation 
proves that it has taken no part in the settlement claimed 
to have been made by the Labour Federation. It also 
means that employers are determined not to recognise the 
C.G.T. as a medium for the settlement of disputes. The 
second incident referred to was the “‘ stay in ”’ strike at the 
Panhard-Levassor motor car works as a protest against 
the dismissal of a number of men. The firm explains its 
action by stating that four months ago it was already made 
clear that the industry would not be carried on under the 
new conditions except by a complete reorganisation. 
When that had been done nearly 800 men found them- 
selves without work. Their immediate return was insisted 
upon by the men. As Panhard-Levassor would not yield 
to the strikers the men appealed to the Government to 
“‘ neutralise ’ the factory in the same way that it “ neutra- 
lised ”’ the Sautter-Harlé works some time ago on the 
ground that work for national defence must be completed. 
This “ neutralisation ”’ is a euphemism for the State 
working of private factories in cases where the interests of 
labour are at stake. Labour claims that in no case shall 
an employer be permitted to make higher production costs 
an excuse for dismissing men. The present strike is only 
an instance of the desperate efforts of labour to break down 
the employers’ resistance. 


Production Deficit. 


A comparison between the production figures for 
the first nine months of this year and for the similar period 
of 1935 may not perhaps be taken as strictly accurate in 
view of the long strike period that inaugurated the fight 
for higher wages and social reforms. In the coal trade at 
least, however, the comparison is acceptable, for the 
strikes as a rule were rapidly settled and the men knew 
beforehand that their claims would be conceded. Yet 
while the apparent consumption rose from 49,485,000 tons 
to 50,860,000 tons, the production fell from 34,816,000 
tons to 34,420,000 tons. Consequently, there was an 
increase in the consumption of Saar coal in order to make 
up for the deficit and a heavy reduction in the stocks at 
pits. During three months of this year’s period the men 
were receiving higher wages. Since the beginning of the 
month the miners have been working only thirty-eight to 
forty hours a week, so that there will necessarily be a 
further falling off in the production. The effect of the 
short week has been to raise the prices of coal distribution 
in the North of France by 24f. a ton. It is to be noted that, 
so far as the coal trade and some other industries are 
concerned, there is no question of providing employment 
for more hands, since they already have to rely more or 
less on foreign labour. 


| 


British Patent Specifications. 





When an 4 tion ia ted from abroad the name and 

address of the communicator are printed in italics. 

When an abridgment is not illustrated the Specification is 
| without drawings. 
| Copies of Specifications may be obtained at the Patent Office, 

th. 4 bh SlAd. 


| Sale Branch, 25, S gs, Chancery-lane, W.C.2, 





| ls. each. 

The date first given is the date of application ; the second date, 
at the end of the abridgment, is the date of the acceptance of the 
complete Specification. 


INTERNAL COMBUSTION ENGINES. 


454,210. May 4th, 1936.—CyLINDER Liners, Daimler-Benz 
Aktiengesellschaft, Stuttgart-Untertiirkheim, Germany. 
This invention is concerned with the insertion of cylinder 
liners in water-cooled engines, so that good thermal con- 
ductivity is assured between the liner and the cylinder block. 
The liner is of steel and the block of aluminium. They are 
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made a good tight fit, both as regards diameter and length, 
and are screwed together at a temperature above the working 
temperature. The greater coefficient of expansion of the 
aluminium allows the two parts to be put together and ensures 
a continuance of a tight joint throughout the working period. 
The screw thread at A has only a few turns.—September 25th, 
1936. 

454,275. April 4th, 1935.—Four-stroKE Enorines, H. A. 

Rogers, 58, Africa-gardens, Cardiff. 

It is claimed that this engine can be run on either the two- 
stroke or the four-stroke cycle. It has two opposed cylinders 
and is shown with the pistons at the inner ends of their strokes. 
Connecting the two cylinders there is a transfer passage A, B, 
controlled by the diagonally partitioned rotary valve C. This 
valve is driven at half the engine speed by the gearing D. 
E, E are the exhaust ports and F a fresh air inlet. The com- 
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bustible charge is introduced into the crank case by means not 
shown, and is compressed by the inward movement of the 
pistons. In the position shown the charge is then transferred 
to the upper cylinder, recompressed, and exploded. In the 
lower cylinder fresh air is drawn in, compressed, and exhausted, 
for scavenging purposes. This cylinder is then supplied with 
combustible mixture, and so on. By putting the rotary valve 
out of action the engine reverts to the ordinary two-stroke 


cycle.—September 28th, 1936. 
DYNAMOS AND MOTORS. 
454,265. March 28th, 1935.—Capacrror ELEectric Morors, The 


British Thomson-Houston Company, Ltd., Crown House, 

Aldwych, London, W.C.2; and A. H. Maggs, 14, Oval- 

road, Rugby. 
This invention relates to single-phase A.C. induction type 
motors which use a condenser or condensers for starting. It 
consists in providing a means of obtaining a ratio of capacitance 
of round about three to one, which ensures the most economical 
use of the condenser material, and is attained as follows :—The 
switchgear is identical with that required in the series-parallel 
connection of two condensers to give a four to one ratio of 
capacitance but one of the condensers is divided into two parts 
whose relative value of capacitance depends on the ratio required. 
At starting one of the parts of the divided condenser is put in 
parallel with the undivided condenser, and for running the two 
parts of the divided condenser are put in parallel with one 
another and in series with the undivided condenser. A and B 
represent the supply lines, C the main winding, and D the 
auxiliary winding. E represents the undivided condenser and 
F and G the two parts of the divided condenser. At starting 


switches H and I engage with contacts J and K respectively 
and current in the auxiliary circuit flows from line A to contact 
J, where it divides, part flowing through condenser E and 
switch I to the contact K and the remainder flowing through the 
switch H and condenser G to the contact K ; the whole current 


453,795. 


the base of which is phosphorus. 
projectiles fired from breech-loading guns including machine 
guns. 
phorus ’ 





the condenser F is short-circuited by the switch I. During 
running the switches H and I are thrown over so that the auxiliary 
current flows from the line A to the contact J and through the 
condenser E, after which it divides, part flowing through the con- 
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FG 


denser F to the contact K and the remainder flowing through 

the contact L, switch H, and condenser G to the contact K ; the 

whole current then flows through the winding D to the line B. 
September 28th, 1936. 


ELECTRICAL APPLIANCES. 


454,202. January 15th, 1936.—ELecrrotytic ConDENSERs, 
Hydrawerk Aktiengesellschaft, 32/34, Drontheimerstrasse, 


Berlin, N.20, Germany, and Dr. K. Gorniak, No. 12, 
Freisinger Strasse, Berlin. 

The invention claims to provide an electrolyte which 

meets all normal demands while not having the dis- 


advantages of known dry electro- 
lytes. Accordingly the elec- 
trolyte consists of alkaline lactic 
acid salts, for example, sodium 
lactate, in a viscous condition, 
without the presence of any 
thickening agent. The use of 
these salts as electrolytes for 
dry electrolytic condensers intro- 
duces an appreciable simpli- 
fication in manufacture as well 
as making it cheaper. since it 
is unnecessary to produce the 
salt during the course of manu- 
facture by the mixing, stirring, 
heating, or the like of the raw 
products, but it is used from the 
outset as a finished product. 
The change of the electrolyte 
to a viscous condition by the 
addition of glycerine or similar substances is unnecessary with 
this electrolyte for the reason that the salt employed is already 
viscous and evaporation is avoided. The accompanying drawing 
shows in perspective by way of example a condenser according 
to the invention.—September 25th, 1936. 
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AERONAUTICS. 


454,266. March 28th, 1936.—Am Coo1ine Systems, C. J. 
Stewart and F. W. Meredith, Royal Aircraft Establishment, 
South Farnborough, Hants. 

This invention has for objects the reduction of the drag caused 

by the cooling system of an aircraft engine, and the utilisation of 

the waste heat of the exhaust to augment the propulsive effect 
of the screw, In the arrangement shown in the drawings a vee- 

line aero-engine A is installed in the deepest part of a tunnel B 

which extends fore and aft, bounded by lateral bulkheads C in 

an sircraft wing D of aerofoil cross section. Two tube radiators 

E are provided near the entrance to the tunnel, in two ducts F 

which lead aft to the tunnel, from openings G in the nose or 

leading edge of the wing. Two air ducts H lead aft from the 
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radiators over finned exhaust manifolds I, and open at their aft 
ends into the middle of the tunnel. 
tracting passage aft of the aero-engine, and at the trailing edge 
of the wing is furnished with hinged flaps J for controlling the 
size of the outlet K from the tunnel. 
for the aero-engine enters at the openings G and passes through 
the radiators E at reduced velocity and therefore at increased 
pressure. The air then passes through the two ducts H over the 
finned exhaust manifolds I, whereby some of the exhaust heat 
is transferred to the cooling air. 
jected downstream from the aft ends of the manifolds and the 
mixed air and gases emerge from the contracting passage 
between the hinged flaps J. The amount of air passing through 
the system is controlled by operating the hinged flaps J.— 
September 28th, 1936. 


The tunnel forms a con- 


The stream of cooling air 


The exhaust gases are pro- 


ORDNANCE AND ARMOUR. - 


June 29th, 1935.—IncENDIARY CHARGES FOR PRO- 
gecTites, T. A. Craven, ‘“‘ Floriana,’’ Stanal-gardens, 
Thornton-le-Fylde, Lancashire. 

The invention consists of an incendiary charge for projectiles, 

This charge is designed for 


The inflammatory nature of the basic matter ‘ phos- 
> is controlled by a vegetable resin solution, which 
revents oxygenation. Celluloid containers may used. 
lash point is obtained by the action of other chemicals after 


the projectile has been fired. The basic matter, yellow phos- 


horus, is immersed in, or sprayed with, a solution made from 


Pp. 
the following ingredients :— 


Solution ‘‘ A.” 


Four parts Olibanum 

Six parts Wood naphtha 
Two parts Amy! acetate 
One part Methylated ether 














then flows through winding D to the line B. At the same time 





When sufficient 


coating of the above-mentioned solution has 
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been given to the basic matter and the coated product has 
been thoroughly dried, it is then immersed in, or sprayed with, 
ene of the following mixtures : 


Mixture ** B.” 

Water 

Glue 

Antimony sulphide 
Chlorate of potash 


Three parts ... 

One part 

Une part S36): hana", whe 
Two and one-half parts 


Alternative Mixture ** C.” 
Four parts ... ... Water 
Glue 


One and one-quarter parts 
One part : onl Eek eee 
One part = ee ae 
Two and one-half parts 


Amorphous phosphorus 
Antimony sulphide 
Chlorate of potash 


Alternative Mixture * D.” 


Four parta ... ... 0...» Water 

One and one-quarter parts Glue 

Two parts Spe Sd gs Antimony sulphide 
One part Magnesium 

Three parts ... Chlorate of potash 


The quantities tabulated are approximate. Any hard-grain 
resin, such as shellac, mastic, galapin, copal, sandarac, Canada 
balsam, amber, elemi, or common resin may be used in Solution 
“** A,” instead of olibanum, also solvents such as fusel oil, and 
methylated or rectified spirits, instead of wood naphtha. The 
basic matter, yellow phosphorus, having been sufficiently 
coated with the Solution ‘‘ A,”’ may be enclosed in slow-burning 
containers, such as cotton gauze or other fabric material treated 
with paraffin wax, or other slow-burning oils, before being finally 


coated with the compositions * B,” “‘C,” or *‘ D.”’—September 
18th, 1936. 

MISCELLANEOUS. 
454,215. December 29th, 1934.—-LuBRIcaNnts, C. Arnold, 


11 and 12, Southampton-buildings, London, W.C.2. 

This invention relates to an improved lubricating composition 
and method of lubrication, and more particularly the invention 
relates te high-pressure lubrication, i.e., lubrication of relatively 
moving metallic surfaces where the unit area pressure between 
such surfaces is in the neighbourhood of or in excess of approxi- 
mately 10,000 lb. per square inch. It is among the objects 
of the invention to provide an improved lubricating composition 
comprising a lubricating oil base, in which the properties of the 
lubricating oil base, such as pure mineral oil, are improved, 
particularly by increasing the breakdown pressure of the film 
of such oil between bearing surfaces and consequently improving 
the thin film lubricating characteristics of the oil. The com- 
position comprises a lubricating oil base such as a mineral oil 
together with a minor amount of an ester of a thiophosphorus 
acid, particularly a halogenated ester of a thiophosphorus acid, 
which will react chemically with the relatively moving metallic 
surfaces, particularly under the conditions imposed by such 
relative movement to create a film between such surfaces, 
which film is distinct from the film of pure lubricating oil, 
which has usually been relied upon in the past to prevent the 
bearing surfaces from scoring even under such extreme pressure 
conditions as result in “ thin-film ” lubrication. The amount 
of the addition agent is preferably such that the compound 
is present in an amount which is less than 20 per cent. by weight 
of the total composition.—September 25th, 1936. 


453,785. March 22nd, 1935.—MraNns For OBVIATING WATER 
HaMMER IN SERVICE Pires, G. Jessop, Ingle Nook, 
Gomershall, near Leeds. 

This is a simple device for checking water hammer in the 
pipes supplying ball-cock cisterns. It has been found by experi- 
ment, says the inventor, that the cause of such ‘‘ water hammer ” 
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is due to sudden back pressure in the pipes causing a ripple on 
the surface of the water in the supply cistern, thereby causing 
the ball cock lever to be oscillated and so momentarily opening 
and closing the supply valve until the surface of the water in 
the cistern comes to rest. The remedy suggested is to hang a 
light baffle plate A, preferably of aluminium, on the arm of 
the ball cock to damp the vibrations.—September 18th, 1936. 


454,306. March 28th, 1935.—Mrans ror PREVENTING CorRo- 
sion, W. V. Gilbert, 128, Oval-road, Croydon, Surrey. 

This invention relates to means for preventing and over- 
coming corrosion and its effects in joints and other places where 
two surfaces are assembled in close relationship, and are intended 
to be static, i.e., to have no relative movement, as distinct from 
the interacting surfaces of relatively moving parts, such as 
pivots and slides. Static joints of this kind are to be found in 
practically every mechanical structure, and where such structures 
are exposed to corroding influences such as sea water or chemical 
fumes it is important that the joints should be adequately 
protected. More particularly is this the case on aircraft, as 
corrosion of the joints is especially liable to arise where parts 
composed of two different metals meet. The composition is a 
semi-solid one and comprises in combination with a non-drying 
base or a wax an anti-corrosion agent consisting of an inorganic 
chromium compound, i.e., one having the element chromium 
in its constitution, part of which compound at least is present 
in the form of undissolved particles. Thus the composition 
may comprise in combination with a semi-solid mineral oil or a 
wax a filling material and an inorganic compound of chromium, 
part of which at least is present in the form of undissolved 
particles. The following are two examples of various com- 
positions provided by the invention :—({I) Paraffin wax, 95 parts 
by weight ; zinc chromate, 5 parts. These are mixed together 
by warming and then allowed to solidify. When required for 
use the composition is softened by warming and is applied to 
the surfaces to be protected. (II) Petroleum jelly (or petro- 
latum), 80 parts by weight ; zinc chromate, 5 parts ; titanium 
oxide (preferably TiO,, 97-98 per cent.), 15 parts. These ingre- 
dients are intimately mixed, with slight warming, if desired, and 
the composition is then ready for use. Another suitable base 
comprises petroleum jelly (petrolatum), paraffin wax, and 
stearine. In making up the composition the stearine is mixed 


with the paraffin wax by stirring together in a warmed condition, 
and the anti-corrosion agent is similarly mixed with the 
petroleum jelly, the two mixtures 
thoroughly._—_September 28th, 1936. 


being then incorporated 
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Forthcoming Engagements. 
Secretaries of Institutions, Societies, d&c., desirous of having 
notices of meetings enserted in this column, are requested to note 
that, in order to make sure of its insertion, the necessary information 
should reach this office on, or before, the morning of the Monday 
of the week preceding the tings. In all cases the TIME and 
PLACE at which the meeting is to be held should be clearly stated. 











To-pDay. 


Inst. oF ELECTRICAL ENGINEERS : METER AND INSTRUMENT 
Section.—Annual dinner at the Holborn Restaurant, W.C.1. 


6.45 p.m. 
Inst. OF MECHANICAL ENGINEERS.—WStorey’s-gate, S.W.1. 
Informal meeting. ‘*The Production of Oil from Submarine 


Fields,” T. Farrance Davey. 7 p.m. 

Inst. oF METALS: SHEFFIELD LocaL SEcTION.—Non-ferrous 
Section of the Applied Science Department of the University, 
St. George’s-square, Sheffield. ‘‘ Lead Mining in Derbyshire,” 
L. B. Williams. 7.30 p.m. 


Junior Inst. oF ENGINEERS.—39, Victoria-street, S.W.1. 
Annual general meeting. 7.30 p.m. 
MANCHESTER Assoc. OF ENGINEERS.—Engineers’ Club, 


Albert-square, Manchester. ‘‘ Correcting Work’s Power Factor,” 
R A. Lochner. 7.15 p.m. 

Soc. or Coemicat Inpustry.—Inst. of Civil Engineers, Great 
George-street, S.W.1. Jubilee Memorial Lecture, ‘‘ Refractory 
Materials,’’ Dr. J. W. Mellor. 6 p.m. 

West oF ScorianD [RON anv Steet Inst.—Royal Technical 
College, Glasgow. ‘‘ Roll Manufacture,’’ A. Allison. 7.15 p.m. 
Monpay, Nov. 16TH. 

_BraprorD ENGINEERING Soc.—Bradford Technical College. 
Cinematograph film, “‘Over a Century of Boiler-making.” 
7.30 p.m. 

ENGINEERS’ GERMAN CrRCLE.—lInst. of Mechanical Engineers, 
Storey’s-gate, S.W.1. “‘ Massnahmen fiir die Geriiusch- und 
Erschiitterungsisolierung bei Projektierung von Maschinen- 
anlagen”’ (‘‘ Precautions for the Elimination of Noise and 
Vibration in the Design of Machinery *’), Dr.-Ing. Kurt Klop- 
stock. 6 p.m. 

Inst. or ELECTRICAL ENGINEERS : SouTH MIDLAND CENTRE. 
—James Watt Memorial Inst., Great Charles-street, Birming- 
ham. ‘* The Effects of Impulse Voltages on Transformer Wind- 
ings,”’ T. E. Allibone, D. B. McKenzie, and F. R. Perry. 7 p.m. 

Inst. oF ExectricaL ENGINEERS: WIRELESS SECTION.— 
Victoria Embankment, W.C.2. Inaugural address of Dr. 
Mallett. 6 p.m. 

Inst. oF Metats: ScortrisnH Locau Sectrion.—Inst. of Engi- 
neers and Shipbuilders in Scotland, 39, Elmbank-crescent, 


Glasgow. ‘‘ The Nickel Industry : Some Recollections,” W. R. 
Barclay. 7.30 p.m. 

Royau Soc. or Arts.—John-street, Adelphi, W.C.2. ** Some 
Problems of Atmospheric Physics,” E. V. Appleton. 8 p.m. 


SHEFFIELD METALLURGICAL Assoc.—Mappin Hall, University, 
Sheffield. Joint meeting with the Iron and Steel Inst. and 
Sheffield Soc. of Engineers and Metallurgists. 3.30 and 7.30 p.m. 

Turspay, Nov. 17ru. 

British ELECTRICAL AND ALLIED MANUFACTURERS’ Assoc.— 
Annual Dinner, Grosvenor House, Park-lane, W. 1. 

Inst. oF AUTOMOBILE ENGINEERS.—George Hotel, Leeds. 
** A Background of Engineering Training,”’ J. Bedford. 7.30 p.m. 

Inst. oF Crvit ENGINEERS.—Great George-street, S.W.1.— 
“Ship Canals Utilised for Drainage,” L. R. Wentholt. 

Inst. OF ELECTRICAL ENGINEERS : SOUTH MIDLAND STUDENTS’ 
Srection.—James Watt Memorial Inst., Great Charles-street, 
Birmingham. “ High-tension Porcelain Insulators,” P. M. 
Newman. 7 p.m. 

Inst. OF ENGINEERS AND SHIPBUILDERS IN SCOTLAND.—39, 
Elmbank-crescent, Glasgow, C.2. ‘“‘ The Propulsion of Single- 
screw Vessels: Effect of Varying Revolutions and Diameter of 
Propeller,” Dr. G. 8. Baker. 7.30 p.m. 

Roya Inst.—21, Albemarle-street, 
Some Recent Advances,”’ Sir James Jeans. 

WeEpDveEspDay, Nov. 18TH. 

Inst. oF AUTOMOBILE ENGINEERS.—Metropole Hotel, Leeds. 
‘* Compression-ignition Engines,” W. Vane Morland. 7.15 p.m. 

Inst. OF CHEMICAL ENGINEERS.—Burlington House, Picca- 
dilly, W.1. 
Industry,” C. H. Spiers. 6 p.m. 

Inst. oF Civit ENGINEERS: STUDENTS’ 
George-street, S.W.1. Address, G. Wood. 

Inst. oF STRUCTURAL ENGINEERS : LANCASHIRE AND CHESHIRE 
Brancu, Junton MermBers.—Y.M.C.A., Peter-street, Man- 
chester. “* Welding Design,” A. Ramsay Man. 7.30 p.m. 

MANCHESTER Assoc. OF ENGINEERS.—College of Technology, 
Manchester. ‘General Design for Welding,” J. A. Dorrat. 
7.30 p.m. 

Nortu-East Coast Inst. oF ENGINEERS AND SHIPBUILDERS : 


W.1.  ‘ Astronomy : 


5.15 p.m. 


SEcTION.—Great 


GraDvUATE Srction.—Bolbee Hail, Newcastle-on-Tyne. 
* Flight,” H. B. Robin Rowell. 7.15 p.m. 

Roya Soc. or Arts.—John-street, Adelphi, W.C.2. ‘‘ The 
Future of the British Mercantile Marine,’ E. H. Watts. 8 p.m. 


THURSDAY, Nov. 197TH. 

Inst. oF ELectricAaL ENGINEERS.—Savoy-place, Victoria 
Embankment, W.C.2. ‘‘ Recent Developments in Telegraph 
Transmission and their Application. to the British Telegraph 
Service,” L. H. Harris, E. H. Jolley, and F. O. Morrell. 6 p.m. 

Inst. or Sanirary ENGINEERS.—Connaught Rooms, W.C.2. 
Annual dinner. 7.15 p.m. 

Inst. oF STRUCTURAL ENGINEERS: YORKSHIRE BRANCH. 
Hotel Metropole, Leeds. ‘‘ A Revolution in the Technique of 
Concrete,”’ A. T. S. Gueritte. 7 p.m. 

GLascow UNIVERSITY ENGINEERING Soc.—James Watt 
Engineering Laboratories, Glasgow. “‘ Interesting Problems in 
Gauging and Gauge Making,” J. McFarlane. 7.30 p.m. 

Norrn-East Coast Inst. oF ENGINEERS AND SHIPBUILDERS. 
Cleveland Scientific and Technical Inst., Corporation-road, 
Middlesbrough. Informal discussion. 7.30 p.m. 

Fripay, Nov. 20TH. 

Junior Inst. or ENGINEERS.—39, Victoria-street, 
‘Gear Performance,”’ Dr. H. E. Merritt. 7.30 p.m. 

Inst. oF ELECTRICAL ENGINEERS : NORTH-EASTERN BRANCH. 
—tTilleys Grand Assembly Rooms, Barras Bridge, Newcastle- 
on-Tyne. Annual dance. 8 p.m. 

Inst. OF MECHANICAL ENGINEERS.—Storey’s-gate, S.W.1. 
** Modern Forms of Water-tube Boilers for Land and Marine 
Use,”’ Dr. F. Miinzinger. 6 p.m. 

Inst. oF SrructuRAL ENGINEERS: MIDLAND COUNTIES 
Brancu.—University of Birmingham, Edgbaston. ‘*‘ A Method 
for the Estimation of Compressive Strength of Concrete in the 
Field,’ J. F. Williams. 6.30 p.m. 

Inst. oF SrrRuctuRAL ENGINEERS: WESTERN COUNTIES 
Brancu.—Merchant Venturers’ Technical College, Unity-street, 
Bristol. ‘‘ A Revolution in the Technique of Concrete,” A. T. 8. 
Guerrite. 7.15 p.m. 


S.W.1. 





** Chemical Engineering Problems in the oem 





Norru-East Coast Inst. oF ENGINEERS AND SHIPBUILDERS. 
Mining Inst., Newcastle-on-Tyne. ‘‘ Ship Propulsion under 
Adverse Weather Conditions,” J. L. Kent. 6.30 p.m. 
Saturpay, Nov. 2Is7. 


Junior Inst. oF ENGINEERS.—Queen’s Hall, Langham- 
place, W.1. Dance. 
Inst. oF Martine EnGiIngeers.—-Swansea meeting. 


Correct Utilisation of Coal,” H. L. Price. 6 p.m. 
Monpay, Nov. 23RpD. 

Inst, or Civit. ENGINEERS: NORTHERN IRELAND Assoc, 
Physics Lecture Theatre, Queen’s University, Belfast. ‘* The 
Trend of Reinforced Concrete Design,” P. G. Bowie. 6.30 p.m. 

Inst. OF MECHANICAL ENGINEERS: GRADUATES’ SECTION, 
Storey’s-gate, S.W.1. ‘“ Automatic Domestic type Oil Burners,” 
W.D. Harrison. 6.45 p.m. 


* The 


Tuespay, Nov. 241rH. 

Inst. oF AUTOMOBILE ENGINEERS.—James Watt Memorial 
Inst., Great Charles-street, Birmingham. ‘‘A Background of 
Engineering Training,” J. Bedford. 7.30 p.m. 

Inst. or ExxectricaL ENGINEERS: ScorrisH 
Grosvenor Restaurant, Gordon-street, Glasgow, ( 
dinner. 7 p.m. 

Inst. oF ExLecrricaL ENGINEERS: WIRELESS SECTION.- 
Victoria Embankment, W.C.2. ‘* The Scope of the Armature in 
the Development of Radio Engineering.’’ Informal discussion. 
6.30 p.m. 

Inst. oF Locomotive ENGINEERS: MANCHESTER CENTRE. 
36, George-street, Manchester. ‘* Hydraulic Transmission for 
Railcars,”’ Dr. H. F. Haworth. 7 p.m. 

WeEpNeEsbDAy, Nov. 257TH. 

Inst. or Civit Encinerrs.—Great George-street, S.W.1. 
“Methods of Providing Permanent Non-slip Surfaces for 
Roads,” informal discussion introduced by H. 8. Keep. 6 p.m. 

Inst. OF ENGINEERS-IN-CHARGE.—Magnet House, Kingsway, 
W.C.2. “ Television,” G. C. Marris. 7.15 p.m. 

Inst. oF FuEL.—Chemical Soc., Burlington House, Piccadilly, 
W.1. ‘‘ A Method of Measuring the Performance of the Loco- 
motive Boiler,” Dr. P. Lewis-Dale; ‘‘The Analysis of Flue 
Gases in the Locomotive Boiler by Electrical Conductivity 
Meters,”’ V. Binns and 8. Bairstow. 6 p.m. 

Inst. oF Metats: Lonpon Locan 
House, Millbank, 8S.W.1. Annual supper-dance. 

Tuurspay, Nov.- 267TH. 

Inst. or Crvi. ENcINEERS: BIRMINGHAM AND DISTRICT 
Assoc. aND Inst. o¥ STRUCTURAL ENGINEERS.—James Watt 
Memorial Inst., York House, Great Charles-street, Birmingham. 
‘* Investigations for the Steel Structures Research Committee 
Carried Out at the University of Birmingham,” Prof. C. Batho. 
6 p.m. 

Inst. or CrIvIL 
Metropole, Leeds. 
Baker. 7.30 p.m. 

Inst. oF SrructURAL ENGINEERS.—Inst. of Civil Engineers, 
Great George-street, S.W.1. ‘‘ Improvements at Paddington 
Station,’ R. Carpmael. 6.30 p.m. 

Fripay, Nov. 277TH. 
ENGINEERS.—-39, Victoria-street, 
Bb. 


CENTRE,- 
2. Annual 


Srecrion.— Thames 
7.30 p.m. 





YorkKsuHirE Section.—Hotel 


ENGINEERS : 
in Engineering Practice,’”’ J. 


** Mistakes 


S.W.1. 


Jcntor Inst. or 
Lockett. 


‘** Geodetic Surveying for Map Production,” E. 
7.30 p.m. 

Inst. OF ELECTRICAL ENGINEERS : 
—Grand Hotel, Birmingham. Annual Dinner. 

Inst. oF MARINE ENGINEERS.—Grosvenor House, Park-lane, 
W. Annual conversazione. 7.30 p.m. 

Inst. OF MECHANICAL ENGINEERS. 
“The Air Resistance of Passenger Trains,” F. C. 
6 p.m. 


Souru MIDLAND CENTRE. 
7 p.m. 


Storey’s-gate, S.W.1L. 
Johansen. 


Inst. oF Metrats: Nortru-Eastr Coast Loca SEcTIoN. 
(By invitation of the Neweastle Branch of the Society ol 
Chemical Industry.) Chemical Lecture Theatre, Armstrong 
College, Newcastle-upon-Tyne. ‘‘ Refractories,”’ J. W. Mellor 
7.30 p.m. 

Inst. oF STRUCTURAL ENGINEERS: MIDLAND COUNTIES 
Brancu, JuNIoR SEcTION.—James Watt Memorial Inst., York 
House, Great Charles-street, Birmingham. ** The Community 
and the Engineer,” W. H. Laithwaite. 6.30 p.m. 








LAUNCHES AND TRIAL TRIPS. 


San Casrurro, motorship ; built by Blythswood Shipbuilding 
Company, Ltd., to the order of Eagle Oil and Shipping Com- 
pany, Ltd.; dimensions, length 460ft., breadth 59ft., fa 
34ft.; to carry 12,100 tons deadweight. Engines, eight-cylinder, 
four-stroke, opposed-piston, oil ; constructed by J. G. Kincaid 
and Co., Ltd.; launch, November 2nd. 

British Destiny, motor tank ship; built by Harland and 
Wolff, Ltd., to the order of British Tanker Company, Ltd.; 
dimensions, length 463ft., breadth 61ft. 6in., depth 34ft. 
Engines, six-cylinder, four-stroke, oil; launch, November 3rd. 

GERMANIC, steamship; built by W. Gray and Co., Ltd., to 
the order of Sir Walter H. Cockerline; dimensions, length 
425ft. 4in., breadth 57ft., depth 29ft. 3in. Engines, triple- 
expansion, 23}in., 36}in., and 65in. diameter by 45in. stroke ; 
pressure 200 Ib. per square inch ; trial trip, November 4th. 

QUEEN ANNE, motorship; built by Barclay, Curle and Co., 
Ltd., to the order of Thos. Dunlop and Sons; dimensions, 
length 431ft. 6in., breadth 55ft., depth 37ft. 6in.; to carry 
9200 tons deadweight. Engines, opposed-piston, oil; launch, 
November 4th. 

QvurEN VictortA, motorship; built by Barclay, Curle and 
Co., Ltd., to the order of Thos. Dunlop and Sons; dimensions, 
431ft. 6in. by 55ft. by 37ft. 6in.; to carry 9200 tons deadweight. 
Engines, three-cylinder opposed piston oil. Trial trip, November 
6th. 








Parsons Exutpition.—In connection with the first Charles 
Parsons Memorial Lecture delivered by Sir Frank Smith on 
November 6th and reprinted on page 513, an exhibition of 
Parsons relics and souvenirs has been arranged by the North- 
East Coast Institution in the Municipal Museum of Science, 
Newcastle-on-Tyne. Many of the exhibits are familiar to 
visitors to the works of the Parsons companies, but were not 
before known to the general public. The optical interests of 
Sir Charles are adequately represented, and various examples 
of the Auxetophone and its parts are on view. It is perhaps not 
generally known that Sir Charles dabbled with model aero- 
planes in the nineties, and made a methylated spirit engine, 
which was subsequently used to propel a model road vehicle, 
jocularly called the ‘‘ Spider’ from its leggy appearance. The 
exhibition will do much to show a side of Sir Charles’ interests 
which was known by few outside his personal friends, whilst 
at the same time showing the development of his greatest 
invention. An excellent illustrated catalogue of the exhibition 
is on sale for sixpence. 
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San Francisco Bay Bridge Opened. 


On Thursday, November 12th, President Roose- 
velt formally opened the San Francisco—Oakland 
Bridge, by pressing a button in Washington, and the 
event was further marked by a flight of 250 naval 
aeroplanes over the newly completed structure. The 
new bridge, which links San Francisco with Oakland, 
replaces the former ferry service, and it will, it is 
expected, bring a new era of prosperity to the regions 
it has been designed to serve. Although discussed 
for many years, the present scheme was first formu- 
lated in 1929, when the California Toll Bridge Autho- 
rity was brought into being. Approval of the scheme 
by the Hoover-Young San Francisco Bay Bridge 
Commission followed. The work has been carried 
out by the Department of Public Works of California, 
under Mr. C. H. Purcell, the Chief Engineer. The 
scheme was described in our issue of June 22nd, 
1934, and in to-day’s issue a further description of 
the work is given. Including its approaches, the 
bridge, which consists of a series of spans with a two- 
level tunnel across the Yerba Buena Island, has a 
length of over 8 miles. It has two decks, the upper 
deck having a width of 58ft., with six lanes for traffic, 
while on the lower deck provision is made for two 
tracks for electric trains and three lanes for heavy 
goods traffic. The bridge has cost close upon 
£15,400,000, and with the exception of about 
£1,200,000 lent by the State, most of the money has 
been found by the Reconstruction Finance Corpora- 
tion. The interest and sinking fund charges are to 
be met by tolls, which are expected to continue in 
force for about twenty years. 


An L.M.S. London to Glasgow Record. 


On Monday, November 16th, a test train run by 
the London, Midland and Scottish Railway Com- 
pany from Euston (London) to Central (Glasgow), 
covered the distance of 401} miles at an average speed 
of 68-2 miles per hour. The train, which consisted 
of seven coaches, including the dynamometer car, 
weighed about 225 tons, and was drawn by “ Princess 
Elizabeth’ locomotive ‘‘ No. 6201,” one of the 
company’s “‘ Princess Royal ” 4-6-2 class. The train 
was wholly representative of the company’s standard 
locomotives and rolling stock. The journey, which 
was, we are informed, remarkable for its smooth 
running, was completed in 1 h. 30 min. less than the 
previous fastest railway journey from London to Glas- 
gow. The engine was in charge of Mr. T. J. Clarke, one 
of the L.M.S. veteran drivers. The train left London 
at 10 minutes to 10 im the morning and arrived at the 
Central Station, Glasgow, at 17 min. to four, although 
it was scheduled to arrive at 10 min. to four. Those 
who travelled in it included Mr. W. V. Wood and 
Mr. E. J. H. Lemon, vice-presidents of the railway ; 
Mr. R. A. Riddles, assistant chief mechanical 
engineer ; and Mr. J. Purvis, assistant to the chief 
mechanical engineer for carriages and wagons. 
Colonel A. H. L. Mount, Chief Inspecting Officer of 
the Ministry of Transport, was a guest of the company. 
On the return journey Glasgow was left at 1.20 p.m, 
and Euston was reached at 7.4 p.m., the 401} miles 
being covered in 5 h. 45 min., at an average speed of 
70 miles per hour. For the return trip an extra 
passenger coach was added, which, if an ordinary 
coach had been substituted for the dynamometer car, 
would have brought the seating accommodation up 
to 275 passengers. There seems little doubt that the 
trial runs envisage a six-hour service from London to 
Glasgow by next summer. 


A King’s College Engineering 
Appointment. 


Iv is officially announced in the London University 
Gazette that Dr. Sydney John Davies, D.Sc. (Eng.), 
Ph.D. (Lond.), M.Sc. (Durham), M.I. Mech. E., has 
been appointed to the University Chair of Mechanical 
Engineering at King’s College as from January Ist, 
1937. Dr. Davies will succeed Professor Gilbert 
Cook, who, as recorded in our Journal note of June 
26th, has been appointed Regius Professor of Civil 
Engineering and Mechanics in the University of 
Glasgow. Dr. Davies was educated at H.M. Dock- 
yard School, Portsmouth, and at the Portsmouth 
Technical College. He was for a time Lecturer in 
Engineering at the Technical College, Loughborough, 
and during the war served in the R.A.F. and the Air 
Ministry on engine inspection work. After the war 
he was assistant works manager to the Clyno Engi- 
neering Company, Ltd., of Wolverhampton, and in 
1920 was appointed Lecturer in Engineering at 
Armstrong College, University of Durham, a posi- 
tion he held with distinction. In August, 1926, 
Dr. Davies came to London as University Reader in 
Mechanical Engineering at King’s College. During 
his ten years at King’s College he has done much 
work on internal combustion engines, and has con- 
tributed articles to scientific societies and technical 


various landing places on the air route to South 
Africa, India, and Bermuda. 
with a powerful searchlight, visual signalling lamps, 
and in some cases with aero type wireless transmitting 
and receiving sets for communication with an 
approaching plane. 
given by the British Power Boat Company after the 
trials, by Mr. Brennard, of Imperial Airways, Ltd., 
the launches will serve two purposes. 


machine is signalled their duty will be to light 
flares on the landing path, to provide further surface 


design, on which he is a recognised authority. From 
1930 to 1934 he was secretary of the Engineering 
Section of the British Association. He is consulting 
engineer to several enginéering firms, and is Examiner 


Durham and Cambridge. Dr. Davies, who has been 
the President of the Engineers’ German Circle since 
its formation in 1932, has travelled widely and is a 
well-known visiting lecturer in the technical high 
schools and universities of Germany, Austria, and 
Belgium, 


Railway Statistics. 


Rattway statistics for the calendar month of 
July and the four weeks ended August 8th, 1936, 
have now been published by the Minister of Transport. 
The total number of passenger journeys (excluding 
season ticket holders) taken on all standard-gauge 
railways in Great Britain in the month of July, 1936, 
was 117,818,759, an increase compared with July, 
1935, of 1,844,800. The journeys taken by passengers 
at reduced fares decreased by 15,588, and those at 
standard or ordinary fares increased by 1,860,388. 
The receipts from passengers (excluding season ticket 
holders) showed an increase of £664,221, due in 
part to the incidence of August Bank Holiday, which 
was earlier in 1936 than in 1935. If the railway 
undertakings of the London Passenger Transport 
Board be omitted, the figures show a decrease in 
journeys of 442,711, and an increase in receipts of 
£635,342. For all companies the receipts from 
passenger train traffic (including season tickets and 
parcels and miscellaneous traffic, but excluding mails 
and parcels post) were £652,183 more than in July, 
1935. In the four weeks ended August 8th, 1936, 
the coaching train miles showed an increase of 524,827 
compared with the four weeks ended August 10th, 
1935. The total tonnage of freight conveyed (exclud- 
ing free-hauled traffic) im the four weeks ended August 
8th, 1936, was 18,965,947, an increase compared 
with the corresponding four weeks of 1935 of 1,209,292 
tons. The freight train receipts amounted to 
£6,293,284, an increase of £526,652. The freight 
train miles run were 438,858 more than in the corre- 
sponding period of 1935. The average train load 
increased from 116} to 121} tons, and the net ton- 
miles per engine hour from 440 to 453}. 


The Public Health Congress and 
Exhibition. 


On Monday last, November 16th, the Public 
Health Exhibition and Congress was opened at the 
Royal Agricultural Hall by Sir Kingsley Wood, 
Minister of Health. The Congress deals with various 
aspects of public health, the sections of interest to 
engineers being those devoted to sanitation, water 
supply, and structural matters. Another subject to 
be discussed will be air raid precautions so far as 
they affect the departments of the municipal and 
county engineers and the cleansing departments. 
Papers are also to deal with ‘‘ Sewage Purification 
and Disposal,’ ‘‘ Replanning of Slum Areas and 
Rehousing,” ‘“‘The Control of Imported Food,” 
“ Public Cleansing Services,” and ‘“‘ Water Supply.” 
The Exhibition, which is run concurrently with the 
Congress, includes many machines for public service, 
such as gully emptiers, sanitary refuse carts, and 
general refuse disposal equipment. It is also repre- 
sentative of the work and equipment of the borough 
engineer, the sewage department, and the borough 
surveyor. Naturally, a good deal of the equipment 
displayed is of more interest to the hygienist than 
the engineer, but in this section the engineer can see 
the trend of hygiene equipment and the uses made of 
various mechanisms. Many of the exhibits are of 
interest indirectly to the engineer, either as a manu- 
facturer or as a user of similar plant. The Depart- 
ment of Scientific and Industrial Research also pro- 
vides a comprehensive display. 


Flying Boat Tenders for Imperial Airways. 


On Tuesday last, November 17th, a series of trials 
of eight high-speed tender launches for flying boats 
was carried out by the makers, the British Power 
Boat Company. The launches are built to identical 
hull design and specification, but two types of accom- 
modation are provided in that some are equipped with 
a passenger cabin, while the rest have open passenger 
accommodation fitted with a permanent awning. 
The boats form part of an order for thirty vessels in 
all, given to the makers by Imperial Airways, Ltd., 
for use as tenders and general utility boats at the 


Each boat is equipped 


As explained at the luncheon 


When a 


for the London University and the Universities of 


lights, and to keep the pilot informed of surface con- 
ditions, &c., during the landing. In strong sunlight 
they will also be available to ruffle the surface of the 
water as a guide to the pilot, who is frequently under 
difficulties in detecting its precise position. After 
the plane has landed the launches are to be used as 
passenger-carrying tenders and utility boats. They 
could also tow the machine in case of damage or 
where manceuvring was awkward. The open type 
boats are for use in the tropics on river landings, while 
the cabin boats are for use on the sea. 


Safety in Mines. 


Ow Monday and Tuesday, November 16th and 17th, 
evidence was resumed before the Royal Commission 
on Safety in Coal Mines. The two days were largely 
taken up in hearing the official views of the National 
Association of Colliery Managers, which were presented 
by Mr. A. V. Reis, the President of the Association. 
Among the suggestions put forward was one that the 
results of mining research might be brought before 
the rank and file by means of cinematograph films and 
lectures, and that the broadcasting system might be 
used for such talks, as the men, it was said, seldom 
read books or pamphlets on the subject. Mr. Reis 
stated in his evidence that there was keen co-opera- 
tion between the mines inspectorate and the colliery 
managers. The Association submitted that every 
mine should remain under one manager, who should 
be responsible for the control, direction, and manage- 
ment, and that persons superior to the manager should 
be required by statute to exercise their authority 
through the manager. In its written evidence the 
Association strongly urged that there should be no 
alteration of the present rules regarding the number of 
inspections a shift to be made by firemen, examiners, 
and deputies. It also expressed its belief that any 
change in the number of inspections now required 
by statute would be detrimental to safety. After the 
meeting on Tuesday, the Commission adjourned until 
Monday, November 30th. 


New Imperial Airways Air Liners. 


On Thursday, November 12th, it was announced 
that an order for a fleet of twelve new air liners had 
been placed by Imperial Airways, Ltd., with Sir 
W. G. Armstrong Whitworth Aircraft, Ltd. The 
new liners will form part of the £2,000,000 develop- 
ment scheme already foreshadowed, and are destined 
largely for replacement. Several will be put on 
Imperial Airways Continental routes, and others on 
the trunk routes to the Empire. The new liners will 
be known as the “ E”’ class, and the first one to be 
completed will be named “Ensign.” It is hoped 
that the first two will be available for service, probably 
on the London—Paris route, early next summer. 
The design adopted embodies notable improve- 
ments in the interior equipment. Provision will 
be made for carrying forty-two passengers on 
European routes and for twenty-seven passengers 
on long-distance flights, with sleeping accommoda- 
tion for twenty. The design provides for a greatly 
improved take-off speed and a diminished landing 
speed. The engines will be of the Armstrong- 
Siddeley “‘ Tiger [IX ” type, and will be designed to 
develop a total of over 3200 H.P. Work has already 
been begun on the new machines at the builders’ 
factory at Hamble, on Southampton Water. The 
cost of the twelve new machines will amount to close 
upon £500,000. 


The Special Areas. 


SPEAKING in the House of Commons on Tuesday 
evening, November 17th, Mr. Neville Chamberlain, 
the Chancellor of the Exchequer, made reference to 
the recently issued report of the Commissioner for 
Special Areas, and stated that the Government 
intended to introduce new legislation in the spring 
of next year, which would be designed to help these 
areas. He said that the Government took the 
report and its recommendations seriously, and that 
the proposals put forward by the Commissioner 
would receive a thorough and open-minded examina - 
tion. The idea of the Commissioner to accord pre- 
ferential treatment to the areas in question and try 
further experiments was, Mr. Chamberlain said, in 
accordance with the policy which the Government 
had pursued from the beginning. One of the pro- 
posals of the Commissioner was that there should be 
some check on the further expansion of Greater 
London, and that production should be more evenly 
distributed, particularly in the Special Areas. There 
was nothing revolutionary in that proposal, but it 
did not necessarily mean the divergence of industry 
to the Special Areas. It would not be sufficient to 
consider Greater London alone. It had also been 
suggested that inducements should be offered to 
new industries to try their luck in the Special Areas. 
So far as he was concerned he was prepared to agree 
to any proposals that seemed best calculated to 
effect the purposes the Commissioner had in view. 
If the proposals of the Commissioner for attracting 


new industries were to be carried out, or something 
like them, then the powers of the Commissioners 
must be extended beyond those now given them 








journals at home and abroad on high-speed oil engine 


illumination of the landing area with their search- 
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The Art of 


Gear Design. 


By H. E. MERRITT, DSc. 
No. XIX. 


(Continued from page 510, November 13th.) 


Worm Grars: Detart DESIGN. 


N those types of gear in which the pitch surfaces 

have only a relative rolling motion, the pitch 
diameters are determined directly by the gear ratio 
required. It has already been seen, however, that in 
the case of spiral gears the ratio of the pitch dia- 
meters ‘is not necessarily the same as that of the 
numbers of teeth, and in worm gears this idea is 
carried a stage further. 

A worm has no real pitch diameter in the sense 
that it has a pitch surface of circular section. The 
term “pitch diameter’ applied to a worm means, 
in fact, merely the diameter of a circle or cylinder, 
coaxial with the threads, which touches the pitch 
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FiG. 119-KEY DIAGRAM TO WORM GEAR 


PROPORTIONS 


plane of the worm. It likewise follows, in the same 
way as for involute spur gears, that a worm has no 
pitch diameter, even in this sense, until it is engaged 
with the mating worm wheel. On the other hand, 
the pitch diameter of a worm wheel is definitely 
fixed by the number of teeth given toa it, in conjunc- 
tion with the axial pitch of the mating worm. The 
pitch diameter of a worm is therefore purely arbitrary, 
and can either be assumed in the first instance, 
whence the centre distance can be found, or, if 
the centre distance is governed by other con- 
siderations, the pitch diameter of the worm is found 
by difference. 

For example, if the number of teeth and pitch of 
the worm wheel are chosen as T and m respectively, 
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Fic. 120-EXTENSION OF CENTRE DISTANCE AND NOMINAL PITCH DIAMETERS 


the pitch diameter will be D=Tm. If the pitch 
diameter of the worm is made equal to d, the centre 
distance will be C=} (D+d); alternatively, if the 
centre distance is first fixed at C, the pitch diameter 
of the worm will be d=2 C—D. 

lor the purpose of determining detail dimensions 
of a worm and worm wheel, however, the pitch dia- 
meter of the worm is usually made the starting point, 
and since it is possible to increase or decrease the 
centre distance slightly without altering the dimen- 
sions of the worm or the number of teeth in the worm 
wheel, the actual pitch diameter of the worm (in the 
sense already referred to) may possibly be either 
larger or smaller than the nominal value on which 
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detail dimensions were based. This possibility will be 
discussed in more detail later on. 

Measurement of Pitch and Pitch Diameter.—The 
original form of worm thread, straight-sided on the 
axial section, was usually associated with pitches 
measured in fractions of an inch, and the arbitrary 
pitch diameters were similarly measured. Denoting 
these by p and d respectively, and the number of 
teeth in the worm wheel by T, the centre distance 
will be 

C==$ [(T p/r)+d], 
and assuming a range of hobs for that particular 
pitch and the desired number of starts to be available, 
the nearest pitch diameter to give a satisfactory 
centre distance would be selected. 

The number of combinations of hand, pitch, pitch 
diameter and number of starts is, however, so great 
that it is virtually impossible to create a range of 
standard hobs which will meet even the majority of 
requirements, and where design is restricted (as it 
usually is) by the necessity of adhering to a fixed 
centre distance, and general proportions are capable 
of but little latitude, the design problem must be 
approached from another angle. This must be such 
that it takes into account also the necessity for favour- 
able conditions of tooth engagement, and haphazard 
combinations of a *‘ standard ” axial section of worm 
thread with a large number of starts and small pitch 
diameters can easily lead to trouble. Furthermore, 
the introduction of = into the dimensions of worm 
wheel pitch diameter and centre distance is better 
avoided if possible. 

In the system of detail design which will be 
described in the following, the application of two 
guiding principles results in a considerable degree of 
simplification. The first of these is that the axial 
pitch of the worm is expressed by the module (which 
eliminates x from the worm wheel pitch diameter) ; 
the second is that the nominal pitch diameter of the 
worm (from which all other detail dimensions are 
derived), is made an integral multiple of the module. 
That is to say, the ratio of the worm pitch diameter 
to the module, termed the “ diameter quotient ”’ and 
denoted by q, is a whole number. 

In this way the determination of pitch diameters is 
reduced to the simpheity of spur gears, since the pitch 
diameter of the worm, regardless of the number of 
starts which it may have, is equal to that of a spur 


gear having q teeth. Thus 
D=Tm 
d=qm 

and 
C=4m (T+q) 

or 


m= 2 C/(T+q). 


The choice of the value which should be given to q 





will, given a consistent basis of thread profile design, 
be geometrically similar; having found the pro- 
portions for unit modiile, dimensions for any other 
pitch can be determined simply by multiplying by 
the module, whilst constants for use in calculating 
stresses and deflection are easily derived. Equally 
important, the form and contact conditions of the 
thread surface being once established for unit pitch, 
they no longer enter into routine detail design. 

Original Worm Thread Form: Detail Dimensions. 
~-Before dealing in detail with the ‘* module system,”’ 
however, reference to the original straight-sided 
worm thread is made necessary by the existence of 
some hundreds, or probably thousands, of hobs of 
this type, representing a heavy capital outlay and 
capable in many instances of quite satisfactory 
application. 

The axial section corresponds to a straight-sided 
rack and the pressure angle originally used for worms 
of small lead angle was either 14} deg. or 15 deg., 
associated with the earlier proportions for spur 
gears, namely, an addendum and dedendum of 
0:3183 and 0-3683 times the circular pitch respec- 
tively. Consequently, the teeth of the worm wheel 
in the central plane correspond exactly to those of 
an involute spur gear having the same number of 
teeth. With the use of higher lead angles, 
increased axial pressure angles came into more 
general use and the proportions, although similar 


in value, were based on the normal pitch. The 
proportions of the cross section of the worm 
wheel rim offer considerable latitude of choice, 


but it was customary to make the sides of the rim 
radial to the centre line of the worm, as shown in 
Fig. 119. This diagram also shows the relations 
between the various detail dimensions, and, if the 
centre distance is made equal to one-half the sum of 
the nominal pitch diameter of the worm and the 
actual pitch diameter of the worm wheel, i.e., if the 
nominal pitch diameter of the worm corresponds to 
its working pitch diameter, the detail dimensions 
may be found from 

a=A=0-3183 p (or pa) 

b= B= 0- 3683 p (or pn) 


i=d—2b 
[=bD—2B 
j=d+2a 
G=D+2A 


J=D+2(A+A,). 

There is no advantage in carrying the rim section 
to a sharp corner, but rather the reverse, and it is 
better to limit the outside diameter of the worm wheel 
by an addendum increment A, equal to 4 A. 

If a straight axial section is to be used, there will 
be a limiting value of the axial pressure angle below 
which undercutting of the teeth of the worm wheel 
on the side of low pressure angle (‘leaving ” side) 
will occur, for reasons Which were dealt with in 
Part XVIII. This mmimum axial pressure angle 
bears a definite relationship to the “rim angle” 6, 
which is defined as the angle between the line of 
centres and a line joming the centre of the worm to 
the point of intersection of the pitch plane with the 
outside of the worm (see Fig. 119). This relation- 
ship is 

tan %a=(L tan 0)/xj. 
Provided that the axial pressure angle isnot less than 
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is, given the centre distance and numbers of teeth 
and threads, the first problem in design, and is con- 
trolled by the strength and deflection of the worm 
shaft, or in some cases by limitations of space. From 
this point of view alone, the relation between detail 
design and performance calls for greater attention in 
the case of worm gears than in other types. This, 
however, is made easier by the fact that the assump- 
tion of a range of diameter quotients limited to whole 
numbers implies a limited number of basic worm 
thread forms, and the introduction of pitch, whilst 
changing the actual dimensions, leaves the propor- 
tions unchanged. For example, all worms having, 
say, three starts and a diameter quotient of ten 









FIG. 121—AXIAL SECTION OF INVOLUTE HELICOIDS 


the value thus obtained, the “ effective ’’ face width 
Sew of the worm wheel for the purpose of calculating 
load-carrying capacity will be equal to d tan 4 (or 
less if the rim is narrower than this) but the rim may 
be made wider than this, without detriment through 
undercutting, if additional strength at the root is 
desired. 

Extension of Centre Distance to Avoid Under- 
cutting.—The teeth of a worm wheel will be undercut 
in the central plane, if the number of teeth is too 
small in relation to the axial pressure angle of the 
worm, by the same amount as the corresponding 
spur gear. This may be avoided by increasing the 
centre distance. The effect of this is to move the 
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worm away from the pitch surface generator, and 
thus to reduce the addendum of the threads, increas- 
ing the dedendum by the same amount. Thus in 
Fig. 120 the pitch point P of a worm wheel rotating 
about a centre Q will be fixed by the number of teeth 
and pitch, and the interference point I will be deter- 
mined by the axial pressure angle of the worm in the 
same way as for rack and pinion. 


the projected length of I P (equal to D sin * },/2) 
exceeds the addentlum a of the worm, the centre 
distance must be increased from the normal value 
(=(D+d)/2 to a value C,=C-+e, where 


-a—(D sin*h,)/2. 


But in order that the rim section may still conform 
to the worm threads, the dimensions of the rim are 
calculated from a nominal pitch diameter of worm 
wheel given by 


e 


D=? C,—d, 


where d is the nominal piteh diameter of the worm. 
Provided that undereutting is avoided, the centre 
distance may be made either larger or smaller than 
the nominal value by an amount not normally 
exceeding 0:25 m. 
‘Module System” 
using the module as a measure of pitch, together with 
integral diameter quotients, has been combined 
with the use of the involute helicoid as a worm thread 
form, and as a result of an extended study of tooth 
contact conditions, it has been found possible to 
combine a simple method of proportioning detail 
dimensions with involute helicoidal thread surfaces 
gonerated from a basic rack having a normal pressure 
angle of 20 deg. 
It may first be noted that the lead angle of any 
helix is given by tan A=-L/xd, L being the lead and d 
the diameter, but since on the module system L= x t m 
and d=qm 


tan A t/q. 


The normal module is then equal to 


My = mM COS i, 


and the proportions adopted are a working depth of 
2 mn and a clearance of 0:2 mn. 

The addendum of the worm, however, is made 
equal to the axial module, and the dedendum is then 
the difference between the total depth reckoned on 
the normal module and the addendum based on the 
axial module. The effects of this are (a) all worms 
having the same diameter quotient and module have 
the same outside diameter (which is, in fact, equal to 
shat ee having q teeth and the same 
module), and (oy wi with increase in lead angle, and 
consequent reduction in normal module, the adden- 
dum increases in relation to the dedendum. In 
addition, it will be observed that by the use of a 
constant normal pressure angle for the basic rack 
from whic h the thread surface is generated, the axial 
pressure angle increases with increase in lead angle, 
thus counterbalancing the tendency of threads of 
high lead angle to develop an area of negative pressure 
angle. 

The proportions for the detail dimensions are as 
follows. They are given in the sequence in which they 
may be used, even if, for any reason, it is found 
desirable to modify the centre distance slightly from 
its basic value. 


qm 

1-0m 
d4-2m 

t/q 

m (2-2 cos 
d 


tan 
1) 
2m (2-2 cos r 
2C—d 
m (2 cos A— 1) 
-m (0-2 cos 4+ 1) 
D+ 2 m (2 cos 4— 1) 
J=G+m 
I=D—2m™ (0-2 cos A+ 


1) 


1) 


All the foregoing dimensions are derived from the 
module, diameter quotient, and number of threads of 
the worm (after, of course, the centre distance and 
number of teeth of the worm wheel have been fixed), 
and these three quantities when combined in the form 
t/q/m represent .the “‘ designation ” of the worm, the 
hand being added. 

Length of Worm Threads.—-The minimum length of 
the threads measured along the outside diameter is 
that value which just embraces the zone of contact. 
If for reasons of weight or cost it is necessary to make 
the worm as short as possible, it is desirable to set out 
the zone of contact, using the dimensions for the 
involute helicoidal surfaces given below. On the other 
hand, most ordinary cases are fully provided for by 
making the threads ten modules long at the maximum 
diameter, and the ends with a chamfer at 
30 deg. from radial. All multi-start worm threads 
are in dynamic balance, regardless of length, but 
single-start worms are in balance only if made an 
exact number of pitches in length, and this point must 
be watched in the case of high-speed worms. 

Worm Wheel Rim Section—-There is almost 
unlimited choice in the form of the cross section of a 
worm wheel rim, and two examples are indicated 
in Fig. 122. The considerations which govern this 


Hence the tips of 
the worm threads must not extend beyond I, and if 


Proportions.—The method of 


contact diagrams will show that very little advantage 
is gained from increasing the face width beyond the 
point at which the pitch plane of the worm intersects 
its outside diameter. This is termed the ‘‘ maximum 
effective face width.’’ It has a value, if the centre 
distance retains its basic value, of 


Sew == 2m V4 tl. 


Similarly, increase in outside diameter of the worm 
wheel has little advantage beyond the value of the 
addendum increment already given; but it is not 
necessary to turn the curved throat, since the neces- 
sary material is removed by a “ full’’ hob. The sides 
of the rim are most easily machined if made parallel, 
but if the face width is equal to, or less than, the 
maximum effective face width, and the worm has a 
fairly high lead angle, chamfering the sides of the rim 
from @ point just below the roots of the teeth, at an 
angle of 20 deg. or thereabouts (as indicated at B, 
Fig. 122), reduces the risk of development of cracks 
at the roots under heavy loads. The proportions of 
the remainder of the rim section will depend upon the 
method employed to attach it to the centre. 

Basic Dimensions of Thread Surface.—It has already 
been shown that an involute helicoid has three inter- 
related basic dimensions, namely, the base diameter, 
the base lead angle, and the lead. Considering unit 
module, a worm having ¢ threads and a diameter 
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quotient q will have a lead L equal to x ¢ and a lead 
angle at the pitch diameter given by tan A=t/q. 
Subject to a limitation given later, the normal pressure 
angle Y, is made equal to 20 deg. at the pitch diameter 
and the base lead angle can therefore be obtained 
from the relation (Part X) 


COS A, =COS A COS Yn. 


The base diameter can then be determined from 
d,=t cot i,. 


As the lead angle increases the base diameter also 
increases, and for any given value of qg there will be 
a value for t above which the base diameter would 
exceed the root diameter if the normal pressure 
angle were retained at the value of 20 deg. at tho pitch 
diameter. Since the involute portion of the thread 
profile cannot extend below the base diameter, any 
additional depth of space below the base diameter, 
apart. from the clearance, is ineffective, and it is con- 
venient to limit the base diameter to the root diameter. 
This involves an increase in the normal pressure angle 
at the pitch diameter; it may be found by first 
calculating the base lead angle from 


tan A,=¢t/2 

(if the base diameter is made equal to 7) and thence 
from 

COS ,=cos A,/cos A. 

A normal pressure angle of 20 deg. will then occur at 
a diameter less than the pitcht diameter, at a “ lead 
angle of generation ” A, given by 

C08 Ag=cos A,/cos 20°, 


and a corresponding ‘ pitch diameter of generation ” 
found from 
dy=t cot dg. 


These are the pitch diameter and lead angle, respec- 
tively, at which the thread surface can be generated 
in the same way as any other helical involute tooth 
having a normal pressure angle of 20 deg. 

Axial Section.—The axial section of an involute 


and load-carrying capacity, and study of a number of 


meter and asympiotic to a line inclined at the base 
lead angle. The calculation of the co-ordinates of the 
profile is illustrated in Fig. 121. 

Considering a transverse section originating at 5 on 
the base circle, of radius r,, or at 8, on the axial 
section, a point T on the transverse profile at a radius r 
will subtend an angle (tan %—)=inv %, where 
cos %=r,/r. In order to bring the point T into the 
axial plane it will therefore be necessary to rotate the 
worm through this angle inv { and in that time the 
point 8 will be displaced axially by an amount 
L inv Y,/2 qT. 

In terms of the transverse pressure angle 4, there- 
fore, the rectangular co-ordinates of the axial section, 
from an origin on the base circle, will be 


L (tan &,—)/2 m=L inv Y/2 x 
r, (sec d—1) 


x 

y= 
The thread thickness is conveniently made equal to 
one-half the pitch at one-half the total depth; if 
the corresponding radius is r,, the width of the crest 
and the bottom of the thread space can easily be 
found by substituting the appropriate value of 4, - 
(cos %=r,/r,) in the above expressions, from which 
the desired values can easily be deduced. 

Thus if the axial thread thickness at radius 7, is 
equal to gg=nxm/2, the distance 8, between the 
origins 8, and 8, of opposing thread sections will be 
equal to 

8,=GJa—2 x, 
where <, is the value found from the expression given 
above, using the appropriate value 4;,, and the width 
at the root of the thread space will be equal to 
8,+2 2%, where 2, is similarly found. 

Slope of Axial Section.—At any point on the axial 
section at a radius r, the transverse pressure angle is 
given by 


cos %=r,/r, 


and the axial pressure angle has already been shown 
(Part X) to be given by 


tan da=tan } tan 2 


But tan A=L/2 x r=L/2 xr, sec 
=tan A, cos 
Hence tan Jg=tan 2, sin Y% 


This gives a measure of the slope not only at any 
point on the axial section, but likewise at any point on 
any longitudinal section from which a tangent to the 
base circle makes the same angle to the pitch plane. 
For example, at all points lying in the same generating 
line ab the slope on a longitudinal section is the same. 
This follows from the fact that a tangent plane to the 
thread surface touches it along the generating line. 
Shaft Angle Other than 90 Deg.—When the shaft angle 
has a value other than 90 deg., the design of worm gears 
is put on a similar basis to spiral gears, and the first 
essential is to determine which of the supplementary 
angles between the axes is the true shaft angle. This 
was dealt with in Part IIT. 
If a “standard ” worm thread form is to be used, 
i.e., if the diameter quotient is to be an integer (which 
facilitates detail calculations), a trial-and-error process 
must be followed. Selecting appropriate values for ¢ 
and q and assuming unit module, the lead angle is first 
found from tan A=t/q and thence the spiral angle of 
the worm from 6,)= 90—. The normal module will be 
equal to cos A or sin op, and since the spiral angle of the 
wheel will be o,= &—ap, the centre distance for unit 
module will be 

C’=} (q+T sin op sec oy). 
The actual module required will then be equal to m 
=C/C’, where C is the actual centre distance. If the 
diameters are unsuitable, the process is repeated using 
another value for g. When a suitable module has thus 
been found, detail dimensions are calculated in the 
same way as for gears at right angles. 
(To be continued.) 








Munitions of War. 


Ir is not inapropos at the present moment, when the 
need for rearmament is acknowledged by all political 
parties, to revive memories of the conditions which pre- 
vailed in munition works during the Great War. 

It is with this thought that we reproduce as an Art 
Supplement four water colours which were painted by 
Mr. Herbert J. Finn during that period. They illustrate 
three of the departments in the works of Hadfields Ltd. 

at Sheffield, and every engineer will admire the skill with 
which the painter has combined accuracy with a fine 
artistic effect. 

Two pictures show the large open-hearth furnace shop. 
In one of these steel is being cast for high explosive shell, 
whilst in the other the ingots are seen. Another picture 
shows a shop with an electric arc steel melting furnace. 
The final picture, illustrating one of many machine shops 
producing 6in. projectiles, gives a remarkably accurate 
impression of a great belt-driven shop. 

We have to thank Sir Robert Hadfield and the artist 
for their permission to reproduce these remarkable water- 

colour drawings. It may be of interest to add that during 
1917-18 Hadfields Ltd. produced 264,000 tons of steel 
and that they used 42 million units of electricity for steel 
melting during the war. The production of shells in the 


works ranged from 2-pounder A.P.’s up to 18in. shell 
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San Francisco-Oakland Bay Bridge. 


No. I. 


THE San Francisco—-Oakland Bay Bridge was 
officially opened for traffic on Thursday of last 
week, November 12th. Actual construction was started 
in July, 1933, and as now finished this composite bay 
crossing has entailed a total outlay of 77,600,000 
dollars. The undertaking is not a single bridge, but 
virtually a number of bridges, and midway in the 
crossing there is a tunnel of exceptionally large cross- 


section. The entire project, including the long 
approaches, has a length between terminals of 
8} miles. 


San Francisco has a population of 700,000, while 
Oakland and its nearby communities on the east shore 
have a combined population approximating 600,000. 
Annually, the ferries carry as many as 35,000,000 foot 
passengers and close to 4,500,000 motor vehicles that 
move an average of two passengers in each car. This 
daily trek across the bay long emphasised the desira- 
bility of a bridge crossing, but engineering difficulties 
and the evident great cost postponed the day of 
relief. However, the situation reached a climax 
in 1927, and then the question of bridging the bay 
was placed before the State. As a result, the Legisla- 
ture of California called into being the California Toll 
Bridge Authority in 1929, and to that organisation 
was turned over the task of determining the best 
route and of designing an acceptable structure to 
link the two shores. The burden of accomplishment 
was placed upon the Department of Public Works, 
which instituted a new bureau, designated as the 
San Francisco—-Oakland Bay Bridge Division. Mr. 
Charles H. Purcell, Highway Engineer of the Depart- 
ment, was made chief engineer of the new division, 
and from the same organisation were associated with 
him Messrs. Charles E. Andrew (bridge engineer), 
Glenn B. Woodruff (engineer of design), and L. S. 
Ready (consulting engineer) who was given imme- 
diate charge of the transbay traffic studies. These 
experts made a comprehensive report to the Hoover- 
Young San Francisco Bay Bridge Commission— 
membership of which included officers of the Army 
and the Navy, because of the possible effect of such a 





bridge on the local problems of national defence. 
The Commission approved the route, upon which the 
crossing has since proceeded, and thus cleared the 
way in 1930 for the State to go ahead. An Act of 
Congress in February of 1931, authorised the con- 
struction of the bridge. 

The final plans for the crossing were completed in 
1932. The programme was based upon the sale of 
bonds to the public, but the money market was too 
disturbed at that time to finance the project in that 
manner. The Reconstruction Finance Corporation, a 
Government institution, saved the day by agreeing 
to purchase the bonds of the California Toll Bridge 
Authority. With funds thus assured, ground for the 
great work was broken on July 9th, 1933, and the 
undertaking has been pushed energetically ever since. 


Route CHOSEN. 


As made clear by the report of the Hoover-Young 
San Francisco Bay Bridge Commission, the selected 
line for the crossing was found to be the most desir- 
able of five possible routes given consideration. The 
chosen line starts at Rincon Hill in San Francisco 
at a point eastward of the heaviest traffic area of that 
city, and traces a north-easterly direction to Yerba 
Buena Island, the crest of which is now pierced by a 
tunnel, and then the route swings nearer to the east 
in crossing that section of the bay contiguous to the 
Oakland water front. The water gap span, including 
interposed Yerba Buena Island, is approximately 
23,000ft. The depth of basic rock in the west bay 
channel and swift tidal currents, often having a speed 
of 6-5 knots an hour, put the heaviest tax on the 
resourcefulness of the builder of the substructures. 
An aerial photograph reproduced at the head of 
this page illustrates well the relative situations of 
San Francisco, Oakland, the bridge connecting them, 
and the Golden Gate Bridge. 

Yerba Buena Island is an outcrop of the ridge of 
rock that lies beneath the west bay channel. On 
each side the ridge slopes away into deeper water, 





but fortunately the shoulder has afforded ample 
footing for even the largest of the piers. The forma- 
tion is of Franciscan sandstone and shale, in alternat~- 
ing layers; and the sandstone increases in hardness 
with depth. Along the ridge the surface of the rock 
lies from 100ft. to 240ft. below low water, and the 
thick overburden is mostly of a clayey nature that 
varies in its thickness and also in its resistance to 
penetration. The upper strata are of soft mud, but 
there are layers of laminated clay and sand of a shale- 
like consistency, and the beds of clay are in places 
notably stiff. These variations complicated the pro- 
blem of caisson sinking. 

Subaqueous rock along the east bay section of the 
crossing dips abruptly from the eastern shore line of 
Yerba Buena Island, and quickly reaches a depth of 
300ft. and more—the heavy overburden being com- 
posed of mud, clay, sand, and gravel. The piers for 
the east bay crossing, therefore, are not carried down 
to rock, but are sustained by underpinning at each 
pier of sufficient stability to support the loads con- 
centrated at those several stations. The form of the 
underpinning at those piers will be described later. 


PRINCIPAL FEATURES OF CROSSING. 


The water gap between San Francisco and Yerba 
Buena Island is 8846ft., and the crossing structure 
consists virtually of two independent suspension 
bridges arranged in tandem that have a common 
opposed junction in mid-channel in the form of an 
anchorage pier designed to resist the live-load pull 
of the two opposing side spans that are interconnected 
there. Each of these suspension bridge units is 
supported by two channel piers, and each bridge 
unit is made up of a 2310ft. central span and two 
side spans, each 1160ft. in length. On the San 
Francisco side, the anchorage is set so far inshore 
that each suspension cable is linked by an unloaded 
backstay, about 900ft. in length, carried inland from 
the end of the side span to the anchorage. At the 
Yerba Buena Island end of the west bay crossing 
there are two 165ft. tunnel anchorages excavated 
in the rock, at a descending angle of 37 deg., and the 
eye-bars are embedded in a great mass of concrete. 
The arrangement of the offshore piers provides broad 
passageways for shipping, and the clearances range 
from 200ft. to 218ft. between the under sides of the 
spans and mean low water. Each of the two suspen- 
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sion cables on each span is 28}in, in diameter, and the 
suspender ropes are steel cables 2%in. in diameter. 
The bridge is a double-deck structure. The width 
of the upper deck between kerbs is 58ft., and on 
that deck there are six lanes for motor cars. 
The nether deck has a roadway 31ft. wide that will 
permit three lanes of motor truck traffic, the vehicles 
having a unit maximum loaded weight of 40 tons, 
and, in addition to the foregoing roadway, there is a 
paralleling space that is wide enough for two railway 
tracks on which may be run interurban trains made up 
of cars having a unit loaded weight of 70 tons. 

The same double-deck arrangement is continued 
throughout the crossing of Yerba Buena Island, 
where the rocky crest is pierced by a tunnel 540ft. 
long that has an available width of 65-5ft. and a 
centre line height of 52-25ft. Yerba Buena Island 
rises above the bay 345ft., and has a length of about 
4000ft. and a width of 2400ft. The island is Govern- 
ment property and parts of it are utilised by the 
Army, the Navy, and the Lighthouse Service. 
Tunnelling has avoided the disturbing of established 
structures. Between the east portal of the tunnel 
and the western side span of the East-Bay crossing 
the two-level traffic is carried by a viaduct. 

The East-Bay crossing consists first of a double- 
deck cantilever bridge having a central span 1400ft. 
long and two anchor arms, each 511ft. long. The 
central span has a clearance of 185ft. above mean 
higher high water, and beneath it, immediately 


constructed within cofferdams, while the eastern- 
most pier of that crossing is set on the rocky slope 
of Yerba Buena Island, and well above water. The 
four remaining piers, all in the channelway, were 
grounded on deeply submerged rock by means of 
novel caissons. Bridge pier W-1 is inshore from the 
San Francisco water front, where rock lies at a 
moderate depth and where the substructure work 
could be done within an ordinary steel sheet piling 
cofferdam. Pier W-2 rises from rock that lies 100ft. 
submerged and slopes 20ft. diagonally in relation 
to the length of the pier. This pier is at the outer 
end of one of the long wharves and exposed to the 
tideway. The thick blanket of soft mud over the 
rock was not capable of holding a caisson level after 
a corner of such a structure landed on the ledge. 
Even so, conditions favoured the construction of a 
steel sheet pile cofferdam provided a way could be 
found properly to drive the piles and to support 
the cofferdam internally. The problem was solved 
by the use of a timber frame, built on shore and 
launched, which was trussed internally with steel 
members that tied together all four sides. The 
frame was floated to location and loaded with ballast 
until the bottom wales grounded on rock in an 
excavation dredged to El.—80. The frame served 
as a template in driving the surrounding steel sheet 
piling to rock. The enclosed area was thoroughly 
excavated and the rock surface cleaned—water 
jets were employed to dislodge the last of the mud. 
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depth to permit the passage of the deepest draughted 
of the battle fleet. Continuing eastward from the 
cantilever bridge, there follow five through-truss 
bridge spans that have lengths ranging from 506- 5ft. 
to 509-5ft., and these are succeeded by fourteen 
deck truss spans, each 291ft. in length. The through- 
truss spans and the deck truss spans can carry traffic 
on two levels. The easternmost deck truss span 
touches the outer end of the dredged sand fill, which 
extends westward from the Oakland shore for nearly 
a mile and parallels the adjacent long mole of the 
Key Route Ferry system. At that junction the 
lower deck of the bridge forks at each side so as to 
allow the upper deck to descend to the ground level 
by short girder spans—automobile traffic will thus 
be flanked at that point by the lanes for east-bound 
and west-bound motor vehicles. The tracks for 
the interurban trains are at the side next to the 
established Key Route train tracks, with which 
they will connect when the interurban service makes 
use of the bridge instead of being tributary to the 
ferries. The total length of the East-Bay crossing 
is 19,400ft. At the east end of this crossing, on the 
Alameda County shore, there is now under construc/ 
tion a complicated distribution structure and two 
underpasses that are to serve as links to the three 
roain arteries of bridge traffic. At the San Francisco 
end there are three ramps that radiate from a point 
near the anchorage, and on them traffic reaches 
or leaves the bridge in moving to and from the densely 
developed neighbouring areas of the metropolis. 


West-Bay Piers. 
Of the seven piers of the West-Bay crossing, the 





When the water lifted with suction pumps finally 






































ran clear, then the rock was examined by a diver 
before any of the concrete for the base of the pier 
was poured. Bottom dump buckets of 4-yard capacity 
were used to place the concrete, and 18,600 cubic 
yards of concrete were poured continuously to bring 
the level of the submerged structure to an elevation 
of 9ft. below the water. The pier is reinforced 
transversely with closely spaced perpendicular lines 
of steel bars, and in plan the pier is 52ft. wide by 
121ft. 4in. long, and its average base depth is 88- 6ft., 
but its greatest depth is at El.—100-1. 


CAISSONS FOR OFFSHORE PIERS. 


Because of their large sizes and the exceptional 
longitudinal spread of the pier bases where they 
rest on rock—a provision necessary to assure ample 
stability against earthquake stresses—ordinary 
caissons could not be used in grounding the piers on the 
deeply submerged bedrock. Strong tidal currents and 
occasional stormy winds were likely to add to the diffi- 
culties, and it was evident that some unusual solution 
of the problem would be necessary. The engineering 
staff of the San Francisco-Oakland Bay Bridge 
Division, with the collaboration of Messrs. Moran and 
Proctor, consulting engineers and specialists in caisson 
work, evolved what is now known as the compressed 
air flotation caisson—a modified type of the open- 
dredging, cellular caisson, but having the multiple 
cells so capped that their buoyancy could be varied 
pneumatically to meet changing conditions during 
sinking. The dredging well, in each case, was 15ft. 
in diameter. The cylindrical casing was formed of 
welded steel plates, and the unit sections were 
assembled in 20ft. lengths in readiness for use at a 


extended upward as the caisson was worked down- 
ward to the rock, The cutting edge of all but one of 
the rectangular caissons had a vertical height of 
13ft. 6in.—the cutting edge of the caisson at Pier W-4 
was 7ft. 6in. higher. The cutting edge was composed 
of a succession of regularly spaced lengthwise and 
crosswise steel box girders that formed a grid having 
numerous horizontal square openings 15ft. across. 
A conical adapter section was secured at the top of 
each square section, and terminated in a circular 
collar to which the first or bottom well section could 
be welded. The entire cutting edge, with its adapter 
section, had sufficient buoyancy to float it at its 
launching. The 15ft. well casing sections were 
fabricated of steel plating, either ~in. or }in. in 
thickness, depending upon the vertical position of 
the given section, and each of these cylindrical units 
was made up of three rings, 6ft. 8in. high, with their 
circumferential joits reinforced by welded straps 
of T bars. Above the cutting edge, the cofferdam 
walls were of 10in. timbers, placed upright, which 
served to support an exterior sheathing of 4in. 
creosoted sheeting, laid diagonally and caulked. 
Within, the cofferdam was braced from side to side 
and from end to end, with wales and struts at intervals 
of 10ft. from the cutting edge structure upward. 
There was some modification in this spacing to meet 
hydrostatic pressures at the deeper pier sites. No 
timber was used inside a cofferdam, and the steel 
bracing left ample room for arranging the steel 
reinforcing bars and pouring concrete into the inter- 
cellular spaces. The concrete was added progressively 
to give a caisson the necessary stability and the dead- 
weight that carried the cutting edge down through 
the water bed to the underlying rock. 

After launching, the timber work of the cofferdam 
and the well casings were extended upwards 60ft. 
above the top line of the cutting edge structure, 
and then hemispherical domes were welded on top of 
the well casings. Each dome was equipped with a 
valve to admit compressed air to a well and also a 
valve to release the air confined within the cylinder. 
There was a third connection through which water 
could be pumped into or removed from a cylinder 
to add to or to reduce the weight of a caisson during 
sinking operations. Thus designed and constructed, 
a caisson was ready to be towed away from the ship- 
yard to its assigned pier site. In that state the 
largest of the caissons weighed 6000 tons. The 
caissons were strong enough to withstand the con- 
siderable impact of a collision, and also to meet 
external water pressure when water in the wells was 
lowered to a level only 10ft. above the upper line 
of the cutting edge structure. Every caisson had a 
reserve of buoyancy that would permit the removal 
of 10 per cent. of the domes while work was in progress 
of extending the casings of the open-bottom wells 
preparatory to sinking the caisson deeper. Sufficient 
freeboard was given a caisson to make it safe for the 
cutting edge to penetrate the mud as much as L5ft. 
when first making contact with the water bed. 
Depending upon the size of a caisson, the number of 
dredging wells ranged from twenty-one to fifty-five, 
and were disposed respectively in three or five rows. 
All wells were uniformly 15ft. in diameter. The 
hemispherical domes were burned free from their 
cylinders to permit the welding on of extending 
lengths of casing, after which the domes were welded 
to the tops of the additions. All joints were welded. 
The domes were of #in. plating, and their lower 
edges were secured to collars, 2ft. wide, that could be 
successively reduced in width by a torch, so that 
enough of the collar remained for final welding to the 
topmost well section. Each well was equipped with 
an electrically operating sounding lead, the wires for 
which were led through a gate valve near the top of 
the done. 

The four caissons for the four west-channel offshore 
piers were of the following dimensions in plan, and 
were landed on rock at the depths cited :— 


Average Greatest 

Pier. Dimensions. depth of depth of 
Ft.in. Ft. rock. rock. 

W-3.. 746x127 — 231-16 — 240-7 

W-4.. 92 0x197 —217-8 — 222-4 

W-5.. 57 0x127 —110-4 —114-2 

W-6.. 74 6x127 —172-1 —177-3 


Along the line of the west-channel crossmg the 
depth of water varies from 20ft. to 105ft., and the 
underlying bed of mud ranges in thickness from 30ft. 
to 145ft.—the latter figure including about 5ft. of 
hardpan just above the rock. The caissons were 
sunk in the following order :—W-6, W-4, W-3, and 
W-5. Caisson W-5 was 17-5ft. narrower than any 
other caisson, and had to be set on rock that sloped 
rapidly northward—that is, transversely to the base 
of the pier. 

The caissons were held in their respective positions 
before penetrating the water bed by lines leading 
from both ends of the floating structure to concrete 
anchors that weighed each from 18 tons to 25 tons. 
The lines directly attached to the anchors were 2in. 
wire rope having a breaking strength of 165 tons, and 
a short distance from a caisson that rope was secured 
to an eight-part purchase of lin. wire rope leading 
to a winch on the caisson. The arrangement of the 
lines facilitated warping the caisson in any direction 
and also permitted meeting a 6ft. change in water 
level while spotting and holding a caisson over its 








two at the San Francisco end of the bridge were 





pier site, where the cylinders were successively 
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variation up to 2ft., but all the piers were landed on 
rock within 6in. of their designated locations. The 
T-shaped reinforced concrete anchors were equipped 
with water jets to aid in getting them deeply seated 
in the mud. Each caisson was held in position by 
some twenty odd anchors, which were disposed of 
radially about a pier site and from 250ft. to 300ft. 
away from a caisson. During sinking, the caisson’s 
position was closely determined from triangulation 
stations and immediately reported by radio to the 
office of control, which, in turn, used the same means 
of communication in directing the men on a caisson 
how to handle the warping lines to move and to 
hold the structure so that it would settle to its exact 
position. The caissons are illustrated on page 548. 
At each of the offshore pier sites, there was a 
working base extraneous to the caisson and within 
the shelter of which the caisson was manceuvred 


caisson and the construction of the surmounting 
pier, were carried on foundations composed of steel 
cylinders 8ft. in diameter, that were driven into the 
water bed and then cleared of the material forced 
into them. With that done, a number of wooden 
piles was driven from within each cylinder down into 
the underlying mud as far as possible—the piles 
projecting 80ft. or more below the bottom of each 
cylinder. Next, the cylinders were filled with concrete 
to their tops, which extended about 25ft. above 
mean lower low water. Each derrick was supported 
by three such cylinders, arranged triangularly and 
tied to one another with timber struts 2ft. square in 
cross section. The structure was further strengthened 
with steel cables. Each derrick had a 50ft. mast, 
a 120ft. boom, and was equipped with a three-drum 
electric hoist. Each derrick could handle unit loads 
up to 25 tons. In the two cases where floating docks 
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working docks were supported on piling driven into 
the mud about 70ft. below water, and at the two other 
pier sites floating bases were employed because the 
depth of the water was too great for recourse to piling. 
At pier W-6, the water was 105ft. deep: The dock 
structures were at the ends of pier sites, and the 
longer east and west sides were protected by strong 
wooden fenders, 7ft. wide and 9}ft. in depth, that 
were considerably longer than the caissons. The 
fenders also served as shields from passing craft 
and rough water. Where the docks were carried 
on piles, the fenders were held in place in the same 
manner ; but where piling was not used, the floating 
fenders were kept in position by concrete anchors and 
connecting lines. 

The great anchorage pier—pier W-4—had working 
platforms on the dock, each of which was 40ft. wide 
and 80ft. long. The supporting piles averaged 122}ft. 
in length and were driven approximately 4O0ft. 
into the water bed. The stiff-leg derricks, that were 
used to handle concrete and materials at each pier 
site, both in connection with the sinking of the 
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CONSTRUCTING THE PIERS 


four sides by timber fenders that left a free space 
of more than 6ft. all round the caisson. 


CAISSON SINKING. 


With a caisson moored at its pier site and ready 
for sinking, and with all its dredging wells capped 
with their domes, the floating body was made to 
sink by pouring concrete in the outlying intercellular 
spaces above the cutting edge structure. The dead- 
weight was thus increased so as to cause the floating 
body to settle until about 5ft. above the surface of 
the water bed. Then, with the caisson nicely spotted 
over the pier site, sufficient air was quickly discharged 
simultaneously from all the cylinders in order to 
destroy the reserve of buoyancy and thus cause the 
caisson to settle suddenly and forcibly into the mud 
—the aim being to effect a penetration of 5ft. or more. 
This, of course, changed the caisson from a floating 
body to a landed one—on an even keel if all went 
well. The next step was to excavate the mud 


the wells—the removal of the confined mud being 
counted upon to cause the caisson, by reason of its 
own deadweight, to settle still deeper into the water 
bed. To permit dredging, a limited number of the 
domes of symmetrically placed cylinders were 
detached by burning, and clam-shell buckets of 
2-yard and 4-yard capacity were swung over the 
wells by the derricks and dropped into the cylinders. 
In theory, the remaining domed wells were relied 
upon to maintain the caisson on an even keel, and, 
by adjusting their buoyancy, to overcome or to com- 
pensate for any differences in resistance offered by 
the mud to the penetration of the caisson. 

It will be comprehended that any increase of air 
pressure in a cylinder or group of cylinders caused a 
corresponding lowering of the level of the contained 
water, and thereby increased the buoyant moment in 
that section of a caisson. Conversely, the pressure 
exerted at any part of the cutting edge could be 
augmented by reducing the buoyancy of the adjacent 
cylinders by permitting the escape of some of the 
confined air. In principle, the control of a sinking 
cylinder is simple, but in actual performance various 
difficulties were ericountered, due mainly to the 
variable resistance of the material penetrated. The 
engineers had their periods of anxiety in several 
instances, but the experience gained will make it 
easier for any informed person to handle similar 
caissons elsewhere in the future. It is not our inten- 
tion to detail the operations incidental to the sinking 
of all four offshore piers, but it should be of interest 
to touch upon some points of that decidedly difficult 
work. As the cylinders of the wells were lengthened 
vertically, the walls of the cofferdam part of the struc- 
ture were likewise carried upward so as to provide 
ample freeboard at all stages of sinking. 

At the start of sinking operations every effort was 

made to keep the centre of gravity low by progres- 
sively adding intercellular concrete, and also to hold 
the caisson on an even keel by regulating the air 
pressure in the cylinders above the water level. 
The engineers were successful in this until the caissons 
reached and partly penetrated the water bed. By 
that time the deadweight of a caisson had increased 
to 20-odd thousand tons and the none-too-stable 
mass then became responsive to any inequalities in 
the sustaining capacity of the underlying mud. 
When soft mud and ground of well-nigh shale-like 
consistency were encountered at a given level under 
different parts of the cutting edge, the cutting edge 
settled into the soft mud, while being held up by the 
much firmer material—taking a list of more than 8ft. 
in a short while—and the problem was to bring about 
a readjustment that would restore the caisson to the 
upright. The situation was also aggravated whenever 
the surrounding mud was too soft to afford lateral 
support. Dredging away the firm material was 
hampered by the list, which caused the buckets to 
catch under the lower lip of a well. Jetting was 
effectively employed to clear away the mud beneath 
the cutting edge, and the cross walls of that structure. 
Lines carried from the high side to anchors suitably 
placed checked the rolling motion as the caisson 
tended to right itself following the jetting of the up- 
holding mud. The engineers were not long in learn- 
ing that they could proceed more surely, and withal 
more rapidly, by letting down first one end and then 
the other of a caisson rather than by trying to sink 
it on an even keel. By thus resting opposite ends 
successively they were able to keep within safe 
limits, and to reduce any tendency toward lateral 
heeling, which is inherent in long and relatively 
narrow Caissons. 
The great anchorage caisson for pier W-4 required 
several weeks to get it down to bedrock at an average 
depth of nearly 218ft. This is understandable in view 
of the fact that that caisson was sunk in mid- 
channel and in the full sweep of the tidal currents. 
By the time that caisson had settled through water 
71ft. deep and had penetrated the mud to a depth of 
26ft., the great body had a deadweight of 73,000 tons. 
At that stage the domes were removed from the wells 
and dredging started—mud at that time having been 
forced upward as much as 15ft. into the wells. While 
the dredging was underway, the caisson unexpectedly 
took a 54ft. list toward the north, and that was the 
beginning of the alternate north and south heeling 
that succeeded until the caisson settled into a stratum 
of fairly firm clay shortly before the cutting edge 
halted on the bedrock. During some of its rolling the 
caisson forced mud up into the cylinders as much as 
23ft. creating plugs that effectually bottled up some 
of the caissons and rendered ineffective any buoyant 
reaction on the part of the confined air, even when the 
pneumatic pressure was increased to induce buoyancy, 
and perhaps blow out the plugs. Buoyancy was 
obtained on the low side, when an air pressure of 
18 lb. failed to help the situation, by lowering the 
water in the cylinders of the depressed side with the 
aid of siphons, while water was simultaneously pumped 
into the cylinders on the high side where the lower 
sections of the wells were also plugged with mud. 
Again, lines carried from the high side to large 
concrete anchors were used to check heeling during 
the readjusting movement that was likely to follow 
when mud was dredged from the wells on the low 
side. Before the caisson was finally brought to an 
even keel a pressure of 37 Ib. per square inch of air 
was applied to the cylinders on the low side. 





encompassed within the cutting edge area and 
possibly reaching upward to the open’ bottoms of 


Caisson W-3, which rests on rock at a maximum 


























Nov. 20, 1936 


THE ENGINEER 





541 











depth of 240-7ft., proved comparatively easy to 
handle and to work it down to its ultimate seating. 
In the main, that caisson was promptly brought 
back to an even keel, when listing, because of in- 
equalities of the material penetrated, by adjusting the 
air pressure in the cylinders at the opposite sides of 
the caisson. Incidentally, the engineers learned in 
sinking caisson W-3 that it was best to keep the 
centre of gravity as low as practicable by not raising 
the level of the intercellular concrete nearer than 20ft. 
to the surface of the surrounding water at any time 
prior to reaching bedrock. 


Bonpine Caissons To BEDROCK. 


When any part of the cutting edge had landed on 
bedrock the surface of the ledge was cleaned to 
receive the bonding concrete. As the rock surface 
was uneven, better knowledge of the rock was obtained 


composed of 160,000 cubic yards of concrete and is 
designed to resist an unbalanced live pull of the 
cables, amounting to 10,700 tons, besides sustaining 
the load of the side-span trusses. From the top of the 
caisson upward, the anchorage pier is a hollow struc- 
ture, and the enclosing walls are 14ft. thick at their 
base and taper thence to the top. The interior space 
is divided into two compartments by a central trans- 
verse wall of concrete that extends the full height of 
the pier. In the longitudinal side walls are embedded 
the steel eye-bars, each 135ft. long, that tie down the 
410-ton A-frame at each side of the pier, to which are 
secured, by other eye-bars, the opposing strands of 
the side-span cables. The stresses that may be 
developed by the side-span cables at each A-frame 
are distributed throughout the anchorage by a chain 
of vertical eye-bars, connecting with the two A-frames, 
that are embedded in the massive concrete walls and 

















SINKING CAISSON 


with the aid of jet borings made through all the wells 
of a caisson. At that stage parts of the cutting edge 
were still sustained by mud. Therefore the mud was 
cleared away successively within small areas and the 
concrete seal placed in them, one by one. The con- 
crete in each of these areas was allowed to set for a 
week before removing nearby mud for other sections 
of the bond. This procedure assured the continuous 
and symmetrical support of a caisson. No concrete 
adjacent to the sides of the caisson was placed until 
after those contact surfaces and the rock were jetted 
clean and the sludge removed by pumping. The 
concrete was placed with single-line, bottom-dumped 
buckets of 4-yard capacity, and the buckets could be 
discharged only when they reached the rock or landed 
on previously deposited concrete. Each seal area 
underlay a given group of cylinders, and a highly 
qualified diver examined the rock after cleaning to 
make sure that the surface would afford a satisfactory 
bond ‘with the concrete. No divers were otherwise 
employed in connection with the sinking of the West 
Bay channel caissons. Wherever concrete spread 
beyond the area cleared under a group of wells and 
extended to and clogged the bottom openings of 
other nearby wells, the concrete plugs were broken 
up by dropping on to them a gad formed of a pointed 
length of steel shafting weighing 5 tons. The same 
gad was also used to shatter rock beneath caisson 
W-4 to assure a perfect seating. This was necessary 
because the bottom material, loosened by the lateral 
motions of the cutting edge, had worked in under the 
caisson, and it was therefore deemed desirable to 
break up the rock with the gad, so that the cutting 
edge could settle into the excavation in the ledge. 
The broken rock was cleared away by jetting. The 
maximum penetration of the sloping rock was about 
25ft. at the east end and 5ft. at the west end. 
Wherever crushed rock was discovered by the diver 
still to be working inward beneath the cutting edge, 
that movement was checked effectively by grouting 
a large part of the periphery of the caisson. This 
was accomplished with the aid of casings, driven down 
outside the caisson, into which the grouting pipes 
were lowered to the required depth. All told, 7240 
sacks of cement and nearly 2680 cubic feet of sand 
composed the grout. 

The mud penetrated by caisson W-5 was too soft 
to afford lateral support even after the caisson reached 
the rock, and therefore the north side of the caisson 
was then sustained by leaving the mud under it 
undisturbed and resorting to a cushion of compressed 
air in the northern wells while the bottom material 
beneath the south-side cutting edge and cross walls 
was excavated and the concrete seal placed there and 
given time to set. Afterwards the domes on the north 
wells were removed successively and the necessary 
excavating and cleaning done there. The concrete 
seal was then poured under that section. In every 
case the concrete seal was poured until the dredging 
wells above were filled to a height of 30ft. above the 
lowermost limit of the cutting edge. In caisson W-4, 
however, the three cylinders at each corner were 
filled to their tops with the seal concrete to give added 
weight and strength to offset the tilting pull of cables 
tied to the top of the surmounting pier. Pier W-4 
has a finished height of 301-5ft. above the water of 
the bay, and rests on rock at a depth of —222-4ft. 


FOR PIER No. 6 


secured to a horizontal steel girder, also embedded, 
that lies 170ft. below the A-frames. 

Each tower pier rises 40ft. above mean lower low 
water, and all the west-bay channel piers are protected 
by attached fenders that extend below water 6ft. 
and above it 20ft. The piers themselves do not need 
protection, because of their massiveness, but the 
fenders are intended merely to ward off colliding 
craft and to do such vessels as little damage as 
possible by directing the impact above the water line 
of a colliding boat. 


SOURCE OF CONCRETE. 


The offshore positions of the caissons and piers 
in the west channel presented an unusual problem in 


Mixing plants could 
not be established at those sites without placing there 
an enormous amount of equipment around the piers— 


ready mixed at each pier site. 


thus hampering passing shipping. The contractor 
for that part of the work therefore established a 
central batching plant at the water front of Oakland 
and convenient to the East Bay terminal of the rail- 
way that brought cement and other raw materials 
for the job. The plant was an up-to-date one and 
equipped with automatically operated apparatus 
wherever possible. The cement and aggregates were 
prepared in unit batches of 34 cubic yards, which 
were delivered by mechanical conveyors to the fleet 
of barges that transported the concrete to the various 
pier sites, the barges mixing the batches while 
en route to their discharge points. The concrete fleet 
was composed of eight craft; two of them had an 
individual capacity of forty-four batches, and the 
six others could each carry eighty batches. Each 
barge was fitted with as many separate bins as there 
were batches to be shipped, and each bin held in an 
elliptical metal container the prescribed measure of 
cement for a batch. Aboard each barge there was 
a tank holding the requisite amount of mixing water 
for the batches of a full-load trip. At the destination 
the transit-mixed concrete was discharged on to belt 
conveyors and dumped aboard a barge or barges 
stationed at a pier site. From the receiving hoppers, 
the concrete was either discharged into dump buckets 
or transmitted by concrete pumps to points of placing 
either in a caisson or within the forms of the sur- 
mounting pier. The concrete pumps were able to 
move 40 cubic yards of concrete an hour, even with 
concrete of a 2in. slump. The concrete used at the 
piers generally was made up of five sacks of cement 
per cubic yard, and the water-cement ratio ranged 
between 0-8 and 0-85. Test cylinders indicated an 
average 28-day strength of more than 3000 lb. per 
square inch. Electric and pneumatic vibrators were 
used to compact the concrete during placing. The 
substructures of the bridge have required the placing 
of 800,000 cubic yards of concrete, and during periods 
of maximum activity at the piers 2000 cubic yards 
of concrete were required per diem. The concrete- 
mixing barges were able to make a round trip on an 
average in | h. 30 min., and were towed both ways. 
The Henry J. Kayser Company was the sub-con- 
tractor for the concrete. The general contract for 
the substructures of the West Bay crossing was 
awarded tothe Transbay Construction Company, which 
concern was responsible for the caissons, the caisson 
sinking, the erection of the superposed piers, &c. 

Conservative steel constructors will be interested 
in knowing that welding was very extensively used 
in fabricating the steel cutting edges, the cylinders 
for the dredging wells, and the domes on the West 
Channel caissons. 





the large volume of concrete that had to be delivered 
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TANTALUM IRON AND STEEL. 


— HAROLD CARPENTER, F.R.S. (President), 
again took the chair when the meeting was resumed 
on the morning of October 30th. The first paper dis- 
cussed was “ Tantalum-Iron Alloys and Tantalum 
Steels,’ by R. Genders and R. Harrison, of which the 
following is @ summary :— 


The investigation described comprises a study of the con- 
stitution of the tantalum-iron system, an examination of the 
effect of tantalum and niobium on the structure and properties 
of carbon steels and of 4 per cent. nickel steel, and the develop- 
ment of tantalum as an alloy-steel element in nitriding steels 
and tool steels. 

The tantalum-iron system contains two eutectics formed 
by the compound Fe,Ta with 6-iron and with tantalum at 
compositions of approximately 20 and 80 per cent. of tantalum 
respectively. Below a tantalum content of 6-5 per cent. the 
6 solid solution is resolved, on cooling, into a eutectoid of y-iron 
and Fe,Ta. The solubility in y-iron decreases with decrease 
in temperature to the y-iron —-—> «-iron inversion. The solu- 
bility of Fe,Ta in «-iron is small. 

Tantalum-niobium mild steels conform metallographically 
with the main features of the pure alloys. The effect of tantalum 
is to decompose iron carbide, and with excess of tantalum 
the carbon steels consist essentially of iron-tantalum alloy with 
tantalum carbide, a compound which is insoluble and inert 
to heat treatment. 

Tantalum-iron alloys nitride readily in dissociated ammonia 
at 500 deg. Cent. and give deep penetration with increase in 
hardness. Extremely high hardness of the order obtainable 
in commercial nitriding steels is attained, together with deep 
penetration, by the addition of aluminium to tantalum steels. 
The reaction between tantalum and iron carbide provides a 
means of producing steels containing included carbide particles 
by the use of a high-carbon basis material, such as pig iron. 
By melting ferro-tantalum in contact with carbon, a product 
is obtained from which the carbide may be isolated by chemical 
means for use as an abrasive or sintered cutting material. 


Dr. W. H. Hatfield said that tantalum carbides 
were being used to an extensive degree for the manu- 
facture of hard cutting carbides. The Alloys Research 
Committee of the Institute welcomed the paper, and 
personally he regarded the Woolwich Laboratories 
as an admirable place in which to carry out the work, 





This anchorage pier, with its underlying caisson, is 
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Dr. T. Swinden spoke in similar terms and of the 
value of the work done by the authors in the manu- 
facture of special steels. 

Mr. J. A. Jones said that in the United Steel Com- 
panies’ laboratory they had had considerable experi- 
ence in the manufacture of certain types of tantalum 
steel. Referring to the losses of tantalum and niobium 
set out in the paper, he said he would expect a large 
loss when tantalum.and niobium were included in the 
melting charge, but he was rather surprised at the 
high loss of tantalum and niobium when added at a 
late stage in the melt. The experience of the United 
Steel Companies using a sillimanite lming was 20 per 
cent. loss of tantalum and 15 per cent. loss of niobium. 
He had had no experience of tantalum with a basic 
lining of the magnesite type, but the loss of niobium 
when added late in the melt with such a lining was 
usually only about 10 per cent. Commenting on the 
part played by tantalum as an alloy addition, and 
pointing out that owing to its great affinity for carbon 
its presence resulted in partial or complete deactiva- 
tion of the carbon, Mr. Jones said he had compared 
the effect of tantalum and titanium on the deactiva- 
tion of carbon and the results seemed to show that 
the action was very similar with titanium as with 
tantalum. The influence of tantalum in 18/8 alloys 
had been found to be precisely similar to that of 
titanium from the point of view of inhibiting carbide 
precipitation and weld decay. It was evident, how- 
ever, that no outstanding benefits could be expected 
from the addition of tantalum to constructional steel, 
but it might serve a useful purpose in nitriding steels, 
whilst the extreme hardness of the carbide might find 
valuable application. 

Dr. C. H. Desch said it might be expected from the 
peculiar nature of tantalum that it would not be a 
very useful steel-making element, because although it 
had highly metallic properties, it was not one of the 
true metals. Owing to the readiness with which it 





of which he hoped more would be done. 


took up nitrogen, however, it might be that in com- 
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bination with other elements of a non-metallic 
character, some uses might be found for it. He 
expressed the hope that the name niobium would 
be retained in preference to columbium, which was so 
favoured by Americans several years ago. 

Dr. Genders briefly replied to the discussion, and 
said that whilst there was a great similarity between 
tantalum and titanium, the authors had not vet been 
able to find any evidence of the solubility of tantalum 
carbide in iron, not even up to the melting point of 
the iron. It was apparently quite insoluble in steel 
or iron up to 1500 deg. Cent. He hoped the name 
niobium would be retained in this country, as sug- 
gested by Dr. Desch, although he had been urged by 
Americans and people to whom they had sold the 
material to adopt the word columbium. 


ALLOY STEELS RESEARCH. 


After a vote of thanks had been passed to the 
wuthors, the meeting considered the First Report of 
the Alloy Steels Research Committee, which was 
introduced by Dr. W. H. Hatfield, Chairman of the 
Committee. Dr. Hatfield, in the course of his intro- 
duction, emphasised the point that industry was now 
contributing funds for the purpose of fundamental 
research. The Report was then discussed according 
to sections, the first being Section X, viz., ‘‘ Burnt 
Alloy Steels,” by Mr. G. Wesley Austin. 

After one or two members of the Committee had 
commented on, without criticising, the work described 
in this section of the Report, Mr. J. H. Whiteley 
said he could not accept the provisional explanation 
given by the author that the trouble was due to diffu- 
sion inclusions and their dispersion around the grain 
boundaries. If that were the case, he failed to see 
why the same thing cid not happen on cooling, but 
it certainly did not. It seemed to him to be largely 
a question of surface tension. Mr. G. E. Howarth 
(English Steel Corporation) said the appearance 
mentioned in the Report was not found in carbon 
steels, although they might be burnt. It seemed that 
steels containing nickel were responsible for the matter 
coated appearance, and that seemed to suggest some 
effect of nickel on the constitutional diagram, and 
that the steel had actually been in the solidus range. 
It was the effect of the nickel and not so much the 
diffusion of the inclusions. 

Section XI of the Report was then taken, viz., 
* Interim Report on the Scaling of Steels in Sulphur- 
free and Sulphur-containing Atmospheres,” by A. 
Preece, G. T. Richardson, and Professor J. W. Cobb. 

Dr. R. J. Sarjant said the desulphurisation of coke 
oven and producer gas for the heating of alloy steels 
was an important question in Sheffield to-day. It 
was quite apparent from the experiments that sulphur 
had a very bad effect even when there were small 
emounts of scaling taking place. He was still working 
on the question of whether on economic grounds de- 
sulphurisation was really necessary, and he would 
like Professor Cobb’s views on that matter. It was 
not only the amount of scaling that mattered as a 
practical problem, but more important in his view 
was the condition of the steel underneath the oxide 
layer. The decarburised surface underneath the scale 
was more important than a study of the actual scale 
itself. 

Mr. C. G. Bainbridge remarked that when he was 
in Germany recently he had been informed by the 
coke oven firms that they were actually using in 
blast-furnaces coke oven gas without the use of 
purifiers. With purified coke oven gas, they said, 
they had some difficulty with the surface of the steel 
after rolling, and they had been compelled to intro- 
duce a certaim amount of unpurified gas into their 
mixture. When they did so, the steel had been 
restored to normal. The rolling conditions, he had 
been told, were the same throughout, and the surface 
of the steel had been definitely improved as the result 
of what had been done. That fact suggested that 
it was possible to go just a little too far in removing 
sulphur. 

Dr. L. B. Pfeil asked if the authors had not been a 
little fortunate in choosing 1000 deg. Cent. for their 
experiments, and asked whether it might not be 
likely that if they had taken other temperatures 
they would have found complications coming in 
which would have upset their results. Difficulties 
might arise according to whether the whole of the 
scale deposit was solid or whether part of it was 
liquid. Were the authors sure they were doing the 
right thing in spending the bulk of their time on 
quantitative work ? Should they not give as much 
or more attention to the structure of the deposits 
and the nature of the interface between the scale 
and the steel ? 

Mr. J. H. Whiteley, remarking that the authors 
had shown that at 1000 deg. Cent. sulphur accelerated 
scaling, said that a year or two ago he arrived at the 
same conclusion by microscopic methods. He 
believed the reason was that sulphur formed a very 
fusible slag, liquid, in fact, at 1000 deg. Cent., and 
that liquid penetrated around the grain boundaries 
so that oxidation could proceed at a greater rate. 
That seemed to him the true explanation. The pfo- 
blem, however, was why some steels shed their scale 
very easily, whilst with others it was most difficult 
to get off. He had tried putting a few handsful of 
iron sulphide on to the dolomite hearth, and every 
time he did that he had obtained a better surface. 
The sulphur seemed to have some beneficial effects 
as well as some deleterious effects. 





Dr. W. H. Hatfield said it should be understood 
that Professor Cobb and his colleagues were trying to 
put scaling on to a scientific basis, and to show under 
what conditions scaling took place. That was a 
subject altogether apart from the fact that particu- 
larly in the fabrication of the cheaper grades of steel 
@ substantial oxidation facilitated operations. 

Professor J. W. Cobb said he would like to emphasise 
that the Report was a preliminary one. The possi- 
bilities of what might happen by going outside a 
temperature of 1000 deg. Cent. and testing for a 
longer period had not escaped the investigators, and 
on November 3rd the authors were to read a paper 
before the Institution of Gas Engineers dealing with 
normal mild steel from the fuel point of view. In 
that paper curves would be given that were not 
limited to 1000 deg. Cent. That temperature was 
taken as the first survey temperature in the present 
investigation, but in the other paper the curves would 
deal with the effect of SO, in various neutral furnace 
atmospheres at 1200 deg. Cent., and with the effect 
of sulphur-free and sulphur-containing furnace atmo- 
spheres going up to 1300 deg. Cent. with the object 
of testing some of the very points raised in the present 
discussion. With mild steel the influence of the time 
factor had come out remarkably near the theoretical 
forecast, and even up to 24 and 48 hours some remark- 
ably smooth curves had been obtained for the effect 
of time on the degree of scaling. 

Section XII of the Report, which discussed “ The 
Influence of Phosphorus on the Tensile and Shock- 
resisting Properties of Certain Alloy Steels,” was 
next presented, the authors in this case being Pro- 
fessor J. H. Andrew and D. Swarup. 

Mr. J. A. Jones said that much work of @ similar 
nature to that described in the communication had 
been done in the laboratory of the United Steel Com- 
panies, and the results generally agreed with those of 
the authors. In their investigations, however, the 
analysis of the alloys was planned on somewhat 
different lines from those of the authors. Chromium 
was the only element found in his experiments which 
had a beneficial effect in reducing brittleness caused 
by phosphorus. The presence of chromium did not 
prevent brittleness, but it led to a higher carbon 
content before the brittleness was induced. The 
experiments also showed that many of the deleterious 
effects of phosphorus could be partially eliminated 
by the addition of aluminium or the use of a fine- 
grain steel. Considerable further investigation, 
however, was necessary before steels of such a high 
phosphorus content as those used in the States could 
be dealt with in this country when it was considered 
that equally reliable steels of low phosphorus con- 
tent were available which gave good properties, both 
from the point of view of mechanical tests and 
resistance to corrosion. 

Dr. W. H. Hatfield, remarking that phosphorus 
was one of the elements that segregated, said he 
deprecated very much playing with the idea of 


increasing the phosphorus content in industrial 
steels. It seemed that doping the steel with an 


aluminium addition enabled it to carry a higher 
phosphorus content, and that was another advantage 
of doping steel with aluminium. 

The final section of the Report discussed was 
Section IX, and dealt with the work of a Sub-com- 
mittee on Thermal Treatment, of which Mr. P. B. 
Henshaw is Chairman. This section of the Report 
was submitted by Mr. G. Stanfield, a member of the 
Sub-committee. It was briefly discussed by Dr. 
C. H. Desch and Mr. H. H. Burton, and the meeting 
was adjourned until the afternoon. 

The concluding session on Friday afternoon, 
October 30th, consisted of a joint meeting with the 
Institute of British Foundrymen. Sir Harold 
Carpenter (President, Iron and Steel Institute) was 
in the chair at the opening of the meeting and intro- 
duced Mr. Harry Winterton (President of the Institute 
of British Foundrymen) before asking him to preside. 

Mr. Winterton, speaking of the advantages of joint 
meetings, recalled that there had been three meetings 
of British engineering institutions in Dusseldorf this 
year, and suggested that it would have been better 
if they had all combined and had one large meeting. 
In any event the Institute of British Foundrymen 
hoped that the Iron and Steel Institute would in 
future extend invitations to the foundrymen to take 
part in joint meetings, for he was convinced it would 
be to their mutual benefit. 

The first matter dealt with was the Second Report 
of the Steel Castings Research Committee, which had 
been prepared by a Joint Committee of the Iron and 
Steel Institute and the British Iron and Steel Federa- 
tion. Sections IL, III, and IV of the Report were 
introduced independently after a general introduc- 
tion by Mr. W. J. Dawson, who is Chaitman of the 
Joint Committee. The Report as a whole was then 
discussed. 

Sir Robert Hadfield, who opened the dis- 
cussion, referred to Section IIL on the fluidity of 
iron-carbon and other alloys, the work in connection 
with which had been carried out under the super- 
vision of Professor J. H. Andrew at Sheffield. One 
of the most important factors in foundry practice 
was the question of fluidity and it was upon it that 
success with steel castings depended. ‘hose who 
often criticised the steel founder did not realise the 
enormous amount of trouble required to meet the 
difficulties which arose in practice. He did not suggest 











that the task of the cast iron founder was an easy one, 
but certainly it was much more easy than that of the 
steel founder, in view of the fact that the tempera- 
tures at which he had to work were 150 deg. or 
200 deg. Cent. higher than in the case of iron. The 
difficulties to-day in producing steel castings were 
very great, mainly because engineers asked for most 
complicated forms. 

Mr. C. H. Kain placed before the meeting the 
opinions arrived at by a sub-committee of the 
Institute of British Foundrymen after a detailed 
study of the Committee’s Report. He said that in 
spite of certain portions of the Report being academic, 
it was welcome as an endeavour to throw more light 
upon some of the fundamental properties and factors 
affecting the production of useful steel castings. 
Hitherto, experience gained by trial-and-error 
methods, together with some scientific thought, had 
resulted in the manufacture of steel castings reach- 
ing a very creditable standard, but further knowledge 
was required of fundamental, physical, and chemical 
properties in order that the foundryman might apply 
them to obtain even better results. The report of the 
sub-committee of the Institute of British Foundry- 
men, which Mr. Kain then presented, indicated many 
directions in which it was thought desirable that 
further investigations should take place. In connec- 
tion with fluidity it was suggested that parallel with 
the investigations now being carried out, attention 
should be given to devising a test which could be used 
in the foundry, both for experiment and as a means 
of control, for without it it would be difficult for the 
founder either to help in the research or to make use 
of such results as were available. It was further 
stated that the commercial steel founder would 
welcome particularly a study of high and low man- 
ganese in association with high and low carbons, as 
those were the alloys in most frequent production. 
Another suggestion was that the effect of different 
mould materials upon a standard steel might be 
studied. Green sands, together with materials of 
different conductivities, appeared to open up a pro- 
fitable field for investigation. 

Mr. Victor Stobie also discussed the question of 
fluidity, and pointed out that if, as he believed, a 
steel containing iron oxide had a lower freezing point 
than one not containing that oxide, then the fluidity 
of that steel would be greater at a given temperature 
than the fluidity of the killed steel. Another point 
was the difference in surface tension between the 
oxidised steel and the killed steel. 

Dr. C. F. Northcott criticised the absence in the 
Report of full details of the experimental data, and 
suggested that if the complete experimental data 
were used different conclusions would have been 
arrived at, inasmuch as apparently only selected 
figures had been made use of. 

Sir Robert Hadfield asked if anyone could give 
some idea of the comparativé fluidity of electric steel 
and converter steel. 

Mr. Victor Stobie said he had frequently seen 
converter steel formed at a temperature at which 
electric steel would be sticky. If the temperature 
of electric steel could be raised to obtain the same 
fluidity as converter steel it would be found that the 
steel was much too hot, and they would be simply 
adding to their difficulties by having too much heat. 

Mr. J. E. Mercer said that converter steel was 
definitely more fluid than electric steel, but not much. 
He had been in foundries where converter steel was. 
made, and had found it possible to take every drop 
out of the ladle, but the steel had not been properly 
killed. He had also found that if steel was heated for 
a considerable length of time in the electric furnace, 
and raised to a very high temperature, it was not as 
fluid as steel which had been made in the furnace and 
kept a minimum length of time, properly killed, 
and then cast. The same thing applied to high 
chromium steels and high chromium-nickel steels. 
It was a question of catching them at the right 
moment. They could be too cold or too hot and the 
problem to ensure a good casting was to catch them 
at the right temperature. It was possible to get a 
better casting with a well-killed steel than with a 
higher temperature steel which had been stewed in 
the furnace. 

Dr. W. H. Hatfield, referring to the comments 
that had been made as to hot and hotter steel, 
said it was necessary to measure temperatures scienti- 
fically, otherwise it was impossible to know within 
quite wide limits what they actually were. He asked 
if Mr. Mercer had used pyrometers for taking tem- 
peratures. Mr. Mercer said that was done sometimes, 
but the usual method was to rely on the practised eye. 
Dr. Hatfield said that, on the one hand, they were 
trying to discuss a very involved subject in the 
absence of quantitative measurements as regarded 
temperature, and, on the other hand, they were 
speaking of a degree of fluidity when they had not 
the means for comparing fluidity. In other words, 
those who had discussed the subject at that meeting 
were speaking in generalities. The Committee had 
been at work for several years, but no method of 
determining fluidity was yet available which would 
give a more exact quantitative indication of fluidity 
than the method described in the Report. The 
question was @ scientific one, and to talk about 
temperatures as had been done by one or two speakers 
would not help at all from the scientific point of view. 
The views that had been expressed were merely 
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general impressions, and did not assist in the quan- 
titative attack which the Committee was endeavour- 
ing to make. The two things which must be settled 
before the subject could go any farther were how 
could actual temperatures be recorded quantitatively 
and how could fluidity be quantitatively recorded. 

Continuing, Dr. Hatfield said that when Mr. 
Stobie and other speakers referred to oxidised steel 
having a greater fluidity, the impression conveyed 
was that the liquid steel had a lot of oxide of iron in it. 
If it were oxide of iron in solution, the depression of 
the freezing point could be envisaged, but as a matter 
of fact steel for casting was not obtained until the 
oxide of iron was converted into oxide of manganese 
and silicon, and formed silicates, and those products 
of oxidation did not depress the freezing point. That 
was one of the great mysteries. It might be that the 
impressions about the freezing point of electric and 
converter steel, which had been mentioned, had 
something in them, but nothing was known about it 
at the present time, and that was one of the problems 
which Mr. Dawson and his Committee were endeavour- 
ing to solve. 

Mr. Victor Stobie said that in many cases the 
temperature was taken in @ way which gave a very 
accurate knowledge of the exact position, and there- 
fore it was not all rule of thumb. 

Mr. T. R. Walker said that what the foundry 
wanted, and must have, was a fluidity test, and no 
doubt the Committee would next proceed to. investi- 
gate the development of a testing method. The 
position at the present moment was that foundries 
working in different ways obtained just as good 
results in the final product. 

Dr. R. H. Greaves, under whose direction the work 
contained in Part II of the Report, ‘‘ Properties of 
Steel which Affect the Quality of Steel Castings,” 
was carried out, commented on the long list of items 
which Mr. Kain had suggested should be investigated, 
and agreed that mechanical tests were not of very 
great interest. The tests mentioned in Part II of 
the Report, he said, were the only tests available at 
very high temperatures on reheated steels. Mr. 
Hall’s apparatus could be taken into various foundries 
for the purpose of testing steel produced by different 
processes. Up to the present, apart from a few tests 
made on converter steel, all the tests made with that 
apparatus and dealt with in Section IV of the Report 
had been made on high-frequency steel. It was not 
fair to assume that a highly oxidised steel was neces- 
sarily fluid. 

Professor Andrew, replying to Dr. Northcott, said 
that a great many more investigations had been 
carried out than were given in the Report, but it was 
not thought necessary to fill the Report with the 
results. At the same time, they were not such 
inexperienced investigators as not to have taken 
them into account before preparing the Report. 

The meeting closed with a cordial vote of thanks to 
the Committee and its investigators. 








Letters to the Editor. 


(We do not hold ourselves responsible for the opinions of our 
correspondents.) 


CAPITAL SHIPS AND AIRCRAFT. 


Sir,—There is one statement in your interesting leading 
article in to-day’s issue of Tok ENGINEER which appears 
to me to indicate that you have misread a paragraph in 
the Report of the Sub-Committee of the Committee of 
Imperial Defence on the Vulnerability of Capital Ships to 
Air Attack. 

[ refer to your statement that the Admiralty and the 
Air Ministry are in agreement that “ approximately 





forty-three twin-engined medium bombers could be 
produced for the same price as one capital ship,” and 
your subsequent observation: ‘‘ Which would be the 
better investment from the point of view of national 
defence we leave to our readers to decide, merely observing 
that the serviceable life of an aeroplane is shorter by 
many years than that of a capital ship.” 

The Sub-Committee’s Report does not state that 
forty-three twin-engined medium bombers could be 
produced for the same price as one capital ship, which, 
on the face of it, would be absurd, involving an average 
cost of the bombers of some £200,000. It says: ‘‘ The 
Admiralty and Air Ministry have collaborated in this 
investigation and have given us an agreed figure of 
forty-three twin-engined medium bombers as the nearest 
approximation possible to the equivalent in cost of one 
capital ship, taking into account all those overhead, 
maintenance, and replacement, and similar charges which 
should be included to make an effective comparison 
during the life of the capital ship.” (Sub-Committee’s 
Report, page 13.) 

The important word in the present connection is 
“replacement.”” The departmental investigation has 
plainly taken into account the need of replacement of 
the bombing aircraft every few years, and I would hazard 
the guess that, if the life of a battleship from the moment 
of laying the keel be placed at twenty-five years, not 
fewer than six replacements of the equivalent bomber 
aircraft were assumed. 

This is a vastly different story. In the first place, the 
forty-three bombers would certainly be built with ease 
within a very few months; the capital ship would not be 
ready for service for four or five years. In those four or 
five years, therefore, the aircraft are contributing to 
national security and the capital ship is not. Further, 
each replacement of bombing aircraft may legitimately 
be assumed a replacement by more efficient aircraft, so 
that the forty-three bombers of, for example, the fourth 
or fifth replacement would be vastly superior in fighting 
power and efficiency to those of the first batch. 

There is, in fact, only one answer to your own question 
as to which would be the better investment from the 
point of view of national defence, though I imagine it 
is not the answer which your leader writer had in mind. 

[ fear that I should need too much of your valuable 
space if I were to comment adequately on other of the 
statements contained in the leading article. May I say, 
however, that I do not think one need be an “ extreme 
air partisan’? to be much more concerned about the 
vulnerability of warships to aerial attack than the writer 
of your leading article or even, perhaps, than the members 
of the Sub-Committee have declared themselves to be 
in the recent Report. 
E. C. BowYeEr, 
Chief of Information Department. 

The Society of British Aircraft Constructors, Ltd., 

London, W.1, 

November 13th. 


thousands of miles from land, the menace could not 
possibly be dealt with by air power alone. In such a 
contingency, therefore, the forty-three medium bombers 
would be completely impotent, whereas a single capital 
ship might, and probably would, be capable of restoring 
the situation. 

If the problem of national defence is viewed broadly 
there should be no cleavage of opinion between the 
‘“‘ blue water’ and the “ grey sky” schools of thought. 
It is, we think, self-evident that for the future defence 
of the United Kingdom and the Empire as a whole, sea 
power and air power must be regarded as interdependent 
and complementary. To foster one at the expense of 
the other would be to invite disaster. Ep. Tue E.} 


RAILWAY ELECTRIFICATION. 
Sir,—Comparing the increase in passenger earnings 
for the forty-four weeks ending November Ist with the 
like period of last year the percentage increases are 
approximately : 


Per cent. 
L.M.S. Railway 2-4 
L.N.E. Railway 2-1 
G.W. Railway f 1-7 
Southern Railway ... 1-9 


This may appear surprising as one would expect a 
heavy comparative increase due to the recent extended 
electrification, and it certainly seems possible that the 
same result might have been achieved by the inauguration 
of a similar periodic steam service omitting the consider- 
able capital cost of electrification. J. E. B. Sams. 

London, 8.W.1, November 16th. 








THE NEW HOWRAH BRIDGE. 


Tue néw Howrah Bridge will cross the Hooghly 
between Calcutta and Howrah, approximately 65(ft. 
upstream from the existing floating bridge, which it 
will replace. It will be built to the design prepared 
by the consulting engineers, Messrs. Rendel, Palmer 
and Tritton, of Westminster, London, who will also act as 
engineers for the works, Mr. A. M. Ward, M. Inst. C.E., 
being the engineer to the Commissioners. The Cleveland 
Bridge and Engineering Company, Ltd., of Darlington, 
will be the main contractors, whilst the sub-contractor for 
the fabrication of the steel superstructure is the Braith- 
waite, Burn and Jessop Construction Company, Ltd., of 
Calcutta. 

The bridge, as our illustration from a picture shows, will 
be of the cantilever type. The main span will be 1500ft. 
centres of towers, made up of a central suspended span 
564ft. long and two cantilever arms, each 468ft. long. The 
anchor arms will each have a length of 325ft. and the 
towers will rise to a height of approximately 270ft. above 
road level. The road will be 71ft. clear between kerbs and 
will accommodate eight lanes of vehicular traffic, including 





two tramway tracks running along the centre of the road- 





[We are willing to accept our correspondent’s view that 
the figure of forty-three twin-engined medium bombers 
as the nearest approximation possible to the equivalent 
in cost of one capital ship takes into account the replace- 
ment factor. This, however, does not, in our judgment, 
affect the validity of the main argument expressed in 
our leading article, namely, that for the general purposes 
of national defence one capital ship would be more 
valuable than forty-three medium bombers. We fear 
that our correspondent has fallen into an error which, 
as the Sub-Committee points out, is common among air 
partisans. 

‘* National defence *’ connotes more than the protection 
of our own coastline and the adjacent seas. The protection 
of our ocean trade routes is of not less vital importance, 
and such protection can be given only by naval force, 
applied independently or in conjunction with air power. 
Our point is, that in the event of hostile warships getting 


way. Pedestrian traffic will be accommodated by two 
15ft. footpaths on each side carried on cantilever brackets. 
Each main tower will be supported by a single mono- 
lithic pier of cellular construction, which will be founded 
in a stratum of stiff clay underlying the alluvial deposits 
which form the upper strata on both sides of the river. 

The superstructure will be fabricated mostly in high- 
tensile steel, mild steel being used only where it would be 
uneconomical to use high-tensile steel. Approximately 
27,000 tons of steel will be embodied in the structure. The 
floor system will be suspended below the main structure so 
as to permit the approach roads leading on to the bridge 
to pass underneath the main girders of the anchor arms. 
It is estimated that the new bridge will take four years io 
build at an estimated cost, excluding approaches, of 
approximately £1,600,000. Readers may be referred to our 
issue of February 7th, 1930, for a report on the bridges 
presented to the Commissioners of the Port of Calcutta at 
the end of 1929. 

The existing floating bridge, which was designed by the 
late Sir Bradford Leslie, has been in use since 1874. 





astride an important trade route in an area hundreds or 
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Sir Charles Parsons and Steam. 


By Sir FRANK E. SMITH, K.C.B., F.R.S.* 


No. 


HH. 


(Concluded from page 515, November 13th.) 


Parsons’ COMPOUND TURBINE. 

TT seems probable that Parsons was inspired by 

three main influences when he invented the com- 
pound turbine. The first of these was his love of 
attempting to do what others thought impossible, 
which provided the driving force for many of his 
projects. The second was his knowledge of thermo- 
dynamics and the properties of steam; and the 
third was the advent of the dynamo for power purposes. 

It is useful to recall that in 1881 the transmission 
of power over long distances was receiving consider- 
able attention. Fifty years before, 7.e., in the eighteen- 
thirties, transmission over moderate distances was 
effected by long flat rods, as they were called, which 
transmitted power by their reciprocating motion 
from Watt’s pumping engines to the pits where the 
pumps were placed. A pneumatic or vacuum system 
was also used at that time. In 1881, systems employ- 
ing quick-moving ropes carried on overhead pulleys 
conveyed power for considerable distances, the power 
being delivered from them into any house requiring 
it for manufacturing purposes. There was also in 
use a compressed air system for driving tramcars, 
the compressed air bemg carried by the cars them- 
selves. Long steam pipes were under trial, and power 
transmission by means of high-pressure water found 
much favour. With the advent of the gas engine, 
proposals to transmit power by means of gas met with 
support, more especially as the gas engine was 
economical in the use of fuel. 

Into this maze of power transport systems, elec- 
tricity suddenly appeared as an agent of great 
possibilities. Electrical power to produce light, heat, 
and motion could be transmitted through an elec- 
trical conductor over very great distances; but the 
problem was to produce the electrical power cheaply. 
The dynamo was in existence, and the real require- 
ment was the combination of an efficient dynamo 
with an efficient engine. The water turbine was 
very efficient, but in this country high-pressure water 
is not very abundant. The reciprocating steam 
engine appeared to some to be the obvious prime 
mover, but, as already stated, eminent scientists and 
engineers thought that its life would be short and 
that the internal combustion engine would replace it. 
Parsons appears to have been but little influenced by 
the opinions of others; he realised that the ideal 
engine was one that could be coupled directly to the 
armature of the dynamo, and that since the motion 
of the armature was purely rotary, that of the prime 
mover should be purely rotary, too. 

A rotary steam engine was no novelty. Indeed, 
the first was made over 2000 years ago, and during the 
previous century numerous rotary steam engines 
had been invented. All, however, had failed. In 
practically all these machines the steam expanded 
so as to produce a wind or hurricane of steam from 
which part of the energy was extracted ; but their 
inefficiency was such and their development appealed 
so little to engineers, that when Parsons took up the 
problem there was no such machine in existence. 
The reason was not far to seek, for a fluid like steam 
develops enormous velocities when allowed to expand 
freely, and if the whole, or nearly the whole, of the 
energy was to be extracted from such a hurricane of 
steam by a simple turbine wheel, the latter would 
require to have an extraordinarily high speed. For 
instance, the velocity of steam initially at 100 Ib. 
pressure per square inch, flowing into a vessel of 1 Ib. 
pressure per square inch (absolute), would be about 
3800ft. per second, and to extract the energy from 
this effectually, a turbine wheel would need to move 
at a rate of about 1700ft. per second, or 1160 miles 
an hour, that is ten times the speed of the great 
hurricanes met with in Nature. 

After a vast amount of theoretical and experimental 
research directed to the elucidation of the principles 
involved, Parsons decided that the difficulty of 
excessive speed of rotation could be avoided by caus- 
ing the steam to fall in pressure in a series of steps, 
each step being, as it were, an elemental turbine, 
and each extracting its own portion of energy. By 
such graduated lowering of the pressure, step by step, 
both the velocity and the changes in volume of the 
steam could be kept within reasonable limits, and 
design could follow on the lines of the water turbine, 
for which a high efficiency was claimed. 

As already stated, previous to Parsons taking out 
his patent, numerous others had been taken out in the 
preceding hundred years. Neilson, in his book on the 
steam turbine, gives a list of over one hundred of 
these ; but it is certain that Parsons derived no part 
of his inspiration from them. He might, indeed, 
have been disheartened with the record of failures, 
for the fundamental ideas of some of them were good. 
De Laval was at work at the same time as Parsons, 
and the latter often paid high tribute to the ingenuity 


* The first Parsons Memorial Lecture, North-East Coast 
Institution of Engineers and Shipbuilders, November 6th. 
i 





displayed in developing the de Laval machine. 
Another patent to which Parsons often referred was 
that of Wilson. Indeed, he was so much impressed 
that he had a model made of Wilson’s turbine, but 
he found the proportions of the parts very ill-suited, 
and when it was under steam all that could be said 
for it was that it went the right way round. Later 
on, Parsons made a very large model of a reaction 
engine of the Hero type. He made the arms of thin 
steel tubes, and the ejection of steam was into a 
vacuum of 27in. of mercury. With steam at 100 lb. 
pressure, a peripheral speed of 800ft. per second was 
attained, and an effective power of 20 horse was 
realised. The consumption of steam was 40 lb. per 
horse-power hour. This experiment was of par- 
ticular interest for in 1784 James Watt discussed in 
a letter to Boulton the possibility of an engine on the 
Hero principle becoming a serious rival to his own. 
He concluded his letter by saying: “In short, 
without God makes it possible for things to move 
1000ft. per second, it cannot do much harm.” The 
interesting fact is that the Hero engine which Parsons 
made was more efficient than Watt’s engine of 1784. 

The first claim in Parsons’ patent of 1884 is “ the 
use in combination of a hollow cylinder with project- 
ing rings of blades, and within it a solid or rotary 
cylinder with projecting rings of blades.” This, in 
language not so technical, is the claim for the 
division of the steam’s action into a number of succes- 
sive steps. The steam passes from stage to stage, 
first acquiring motion which it then imparts to the 
moving vanes in each stage, until at last it has 
expanded down to the lowest available pressure and 
its work is done. 

Reference to Parsons’ original patent shows his 
remarkable foresight of the lines on which turbine 
machinery was to be developed. The second claim, 
for example, embodies the principle of double flow, 
whereby the steam is caused to travel in two streams 
simultaneously in two directions, thus balancing the 
pressures set up and at the same time enabling the 
length of the blades to be reduced by half. Without 
this principle, the efficient construction of the immense 
machines of to-day would not have been practicable. 
The same remark applies to the principle of dividing 
up the machine into two or more parts dealing with 
the steam in series, a typical feature of all the largest 
modern units and one which is very useful in marine 
work, where speed-reducing gears are used or more 
than one propeller shaft has to be driven . 

The appreciation which Parsons had of the mecha- 
nical problems involved in turbine construction is no 
less complete than his vision of future turbine 
machinery. With centrifugal forces amounting to 
something like 6 tons per lb. of rotating load, the 
attachment of the blades was a problem in itself. 
There were also the bearings to be considered and 
their method of lubrication. There was the accurate 
balancing of a high-speed rotor and the further 
problem of securing vibrationless running, while 
some method had to be devised for governing the 
machine at high speeds, where anything in the nature 
of a runaway would have been disastrous. But for 
all of these problems Parsons had solutions, most of 
which were included in the first commercial machine. 

In one of the first papers he ever read—lI refer to 
that presented at a meeting of this Institution in 
1887—he gave an example of the number of steps 
in @ compound turbine working at a steam pressure 
of 69 lb. above atmospheric. There were forty-five 
steps and therefore forty-five elemental turbines. 
The velocity due to the fall in pressure was calculated 
for each step, the maximum being 386ft. per second 
at the first turbine, where the fall im pressure was 
from 69lb. to 66-35 1lb., and the minimum 366ft. 
per second at the last turbine, where the fall in 
pressure was from 15-6 lb. to 15-0lb. At this point 
the steam passed into the exhaust. The work which 
might be done in each step is very approximately 
equal to the product of the mean pressure multiplied 
by the change in volume, and the variation from step 
to step is practically nil. Since the work done is at 
@ uniform rate throughout, the fall in temperature 
is uniform and constant, and as the surroundings 
quickly acquire a steady state of temperature, the 
expansion is practically an adiabatic one, a most 
important condition for efficiency. 

As I have already said, there was no novelty in 
taking advantage of the expansive power of steam ; 
the novelty was in the method of application, and 
the more one examines the details of the method, the 
more one must admire the genius of Parsons. 

I have spoken of the pessimism of the engineers of 
1881 regarding the future of steam. At that time the 
piston steam engine had been brought to a high state 
of perfection. Steam pressures had risen consider- 
ably, thus enabling a greater relative expansion to be 
obtained by the compounding, tripling, and quad- 
rupling of cylinders of increasing capacity in series, 





and it had been found that the maximum efticiency 
was reached when the expansion factor was about 16. 
In 1909 Parsons stated that experiments had shown 
that unless the mean difference of pressure on a piston 
exceed 7 lb. per square inch, the friction, the bulk, 
the momentum of the moving parts and the cost madc 
such a cylinder not worth having. It was appre- 
ciated that decreases of pressure below 7 lb. absolute 
involved large drops of temperature in the case of 
saturated steam, and there was therefore a great 
thermo-dynamic gain in condensing to a low pres- 
sure. The piston engine could take no advantage of 
this, but the turbine engine could. The magnitude 
of the advantage may be gauged by a single example. 
A diminution in pressure in the condenser from 24 Ib. 
absolute to 1 lb. absolute would result, if the expan- 
sive power of the steam were fully realised, in more 
work being done than in the expansion of the same 
mass of steam from 1501b. absolute to 100 Ib. 
absolute. Only the turbine can utilise the very low 
density steam. 

Parsons made his first machine, now in the Science 
Museum, in 1884. It ram at 18,000 r.p.m., and its 
steam consumption was about 129lb. per kWh. 
The machine was of the double-flow type, the steam 
entering at the centre of the length of the turbine, 
and, dividing to right and left, exhausted at the ends. 
The blades were, of course, set at opposite angles in 
these respective halves, so as to give a turning move- 
ment in the same direction. 


Exrecrric PowER GENERATORS. 


As already stated, the working of electric gene- 
rators was the primary purpose for which Parsons 
invented his turbine, and to this end he designed and 
patented a dynamo to run at speeds up to 18,000 
r.p.m. In 1888 four 75-kW generators were supplied 
to the Newcastle and District Electric Lightmg Com- 
pany. This is the earliest instance of the use of a 
steam turbine in any public power station, and the 
development of the modern electrical industry may 
thus be said to have started in this district, and to 
date from the placing of that order. 

From that time, the design of turbines for generat- 
ing stations steadily advanced. Larger and more 
efficient machines rapidly followed one another, and 
by 1907 the steam turbine and the alternating- 
current dynamo had fairly established themselves 
as the best means of fulfilling the world’s ever- 
increasing demand for electric power. Indeed, the 
story of the development of the Parsons turbine is 
so largely one of uninterrupted success, with Parsons 
as the central figure, that a proper evaluation of the 
success is extremely difficult. Progress was not slow ; 
it was very rapid. The story is told that when Parsons 
constructed his first turbo-generator, the statement 
that a machine had been built to drive a dynamo 
directly at 18,000 r.p.m. was received with derision, 
and the informant was told to take a nought off the 
number in order to make the statement bear some 
resemblance to truth. The step taken was indeed a 
bold one, for the speed was ten or twelve times 
as fast as that of any dynamo previously built. The 
genius of Parsons was, however, never happy with- 
out taking such bold steps, and his life was full of them. 

In the years between the construction of the 
first turbo-alternator and Sir Charles’s death in 1931, 
the size and efficiency of the turbine advanced 
enormously. In the first four years turbines were in 
use aggregating about 4000 H.P., and, within seven 
years—that is, in 1892—the improvements in blades 
and, more especially, the use of a condenser, resulted 
in such a reduction of the steam consumption that the 
new engine was a formidable competitor of the best 
compound reciprocating engine. This is evident 
from the following table :— 








Steam Steam Vacuum Steam | Heat 

Year.) Power, ress., | temp., in. per | per 
kW. hb. jin.? deg. (baro. | kWh, | kWh, 

Fah. 30in.). Ib. |B.Th.U. 

1888 75 100 338 _— 55 55,770 
1891 100 95 335 26-5 37 | 40,900 
1900 1,250 130 480 28-4 18-22 | 22,000 
1907 5,000 | 200 508 29-0 13-19 | 16,200 
1913 | 25,000 200 588 29-0 10-42 | 13,255 
1923 | 50,000 | 550 750 29-25 8-19 | 10,038 
1930 | 50,000 600 800 29-0 |} 7:4 | 9,280 


\ 

By 1924 turbo-electric generating units of very large 
sizes, ranging up to 60,000 kW, had been developed 
and in all large fuel-using electric power stations 
steam turbines provided the motive power. The 
structural design and the blading of the turbine had 
been developed to such an extent as to give in 
practice nearly the theoretical conversion of the 
available energy of the admitted steam. More 
attention was also being paid to increasing this 
available energy by extension of the thermo-dynamic 
cycle, i.e., by the use of higher steam pressures and 
temperatures, together with the lowest possible 
exhaust pressure. In 1924 it was estimated that 
the output of all the steam turbines built, both 
land and marine, had reached the grand total of 
120,000,000 H.P. 

During Parsons’ life-time the largest single 
machines built under his direct supervision were those 
supplied to the Dunston power station at Neweastle 
in 1930. Each of the Dunston units is capable of 
@ maximum output of 50,000 kW at 1500 r.p.m. 
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The machines each consist of two cylinders in tandem 
y 


running a single alternator. They were designed 
for a pressure of 600 lb. of steam per square inch 
and a temperature of 800 deg. Fah., the steam being 
reheated to its initial temperature before passing 
into the low-pressure cylinder. The overall thermal! 
efficiency of the turbme alternator was equal to 
36°78 per cent., a figure which at that time had 
never been equalled by any turbo-generating plant 
in the world. 

Coals vary in thicrmal value, and 1} lb. of steam at 
one temperature and pressure will contain a very 
different amount of heat from that at another 
temperature or pressure ; but it is safe to say that 
the coal used per horse-power hour was about one- 
tenth of that of Watt’s early engines and from one- 
third to one-quarter of that of the piston engines 
when Parsons invented his turbine. 

What the grand total of output for turbines is 
to-day I do not know, but the capacity of Thames- 
side stations is of interest. Little more than fifty 
years ago the first power station on the Thames was 
opened at Deptford. It had a capacity of 100 kW. 
In three years’ time—that is, in 1939—when the 
proposed new Dartford power station comes into 
service, London’s Thames-side will have a great 
cham of power stations with a total capacity of 
nearly 2,000,000 kW, or 2,680,000 H.P., and all 
these Thames-side stations will be equipped with 
turbo-generators. Battersea station alone can now 
generate 230,000 kW, or 300,000 H.P., so that this 
station by itself can produce power equal to that 
of all the steam engines in Great Britain when James 
Watt died in 1819. 


THE MARINE TURBINE. 


Striking as the development of turbo-generators 
has been, that of the turbine for the propulsion of 
ships is more striking still. It has already been 
pointed out that the turbo-generator and the electric 
lighting industry were in a sense born together, and 
the introduction of the turbine into the new public 
electric supply systems was by no means difficult. 
It was not so easy to introduce the turbine into the 
Royal Navy and the mercantile marine. The piston 
engine with triplex and compound cylinders was 
giving good service, and had a high efficiency, and 
there seemed general contentment with paddle- 
wheel steamers on regular passenger services, such 
as that from Dover to Calais. Moreover, in the very 
carly days, the turbine without condenser, though 
compact and convenient, could not be called efficient. 
Indeed, some there were who called it a “ steam 
eater” owing to the large consumption of steam. 
However, from the outset Parsons had in mind the 
possibility of using the turbine for battleships and 
Atlantic liners, and once the superiority of the turbine 
over the piston engine was established in the matter 
of fuel consumption, he set to work to convince the 
Navy and the mercantile marine of the turbine’s 
merits. 

It was in 1894, when a condensing steam turbine 
of 200 H.P., with an expansion ratio of 90 volumes, 
was found to have a steam consumption not greater 
than a good compound piston engine, that Parsons 
entered the marine business. With a boldness that 
amazed even his closest friends—for there was no 
established theory of marine propulsion to guide 
him——-he planned to build a 100ft. experimental 
vessel to be named the “ Turbinia,” and with this 
the capabilities of the turbine for ship propulsion 
were to be demonstrated to the Admiralty. Hull, 
propeller, and engines, were all designed by Parsons, 


and in so doing he relied entirely on the results of 
his own researches. 
At that time there was no National Physical 


Laboratory ship tank in which models could be 
tested, so he made models and tested them in his 
own inimitable way by towing them with fishing rod 
and line in a small pond. Im doing this he was 
following the principle laid down by Froude. With 
the data so obtained he designed the “ Turbinia,”’ 
and calculated the horse-power necessary to drive 
her at 34 knots. It is of interest to note that three 
years afterwards a model of the ‘ Turbinia” was 
tested at the Naval Tank at Portsmouth, and the 
difference between Parsons’ estimate of the horse- 
power required and that of the Admiralty experts 
was only from 2 to 3 per cent., a remarkable tribute 
to the ingenuity of Parsons. 

After the completion of the vessel there were many 
troubles, more especially with the phenomenon 
known as propeller cavitation, and at one stage almost 
any man other than Parsons would have abandoned 
the project. With the energy and determination so 
characteristic of him, he practically started work 
anew, new turbines and new propellers being fitted. 
Ultimately a speed of 34 knots was obtained, and 
Parsons made his plans to demonstrate the turbine’s 
possibilities. This he did in no uncertain fashion. 
During the Naval Review at Spithead in 1897, in 
honour of the Diamond Jubilee of Her Majesty Queen 
Victoria, the “‘ Turbinia ’” was present and charged 
down the line of cruisers and battleships. A picket- 
boat was put out to stop the supposed intruder, but 
the “‘ Turbinia ” was proceeding at 30 knots, against 
which the speed of the picket-boat was useless. 
Having left the picket-boat im the rear, the ‘“ Tur- 
binia’’ very nearly ran down the French official 
yacht, and only escaped doing so by an even greater 





Fitted with Ordinary Engines on the Calais-Dover Route. 


reduction in weight of machinery and an increased 
economy of fuel,” 
convinced. 
plan he initiated with the “ Turbinia”’ and make 
a demonstration with a paddle steamer fitted with 
turbines. This, however, was abandoned, and instead, 
on the initiation of Mr. Archibald Denny (later Sir 
Archibald Denny), a merchant turbine steamer, the 
“King Edward,” was built by Messrs. Denny, of 
Dumbarton. 
bill of the ““ King Edward” was less by 15-25 per 
cent. than that of comparable vessels propelled with 
reciprocating engines ; 
negligible. 


demonstration of her speed. At any rate, her per- 
formances at the Review focused the attention of 
the Admiralty on. the possibilities of turbine propul- 
sion for men-of-war, and orders for two destroyers 
soon followed. 

In this short address it is quite impossible to 
describe the full development of the marime turbine 
for the Royal Navy and the mercantile marine. 
Indeed, the story would occupy a large volume. Any 
story of Parsons and the steam engine would, how- 
ever, be incomplete without mention of such epoch- 
making ships as the ‘‘ Amethyst ” and the “ Dread- 
nought ” in the Navy, and the “‘ King Edward ” and 
‘* Mauretania ” in the mercantile marine. 

The “ Amethyst’? was one of four small swift 
cruisers built in 1902, and was fitted with turbine 
machinery. The other three ships were of exactly 
the same dimensions and form of hull, and were fitted 
with well-designed piston engines made by highly 
experienced firms. The vessels, which were of 3000 
tons displacement, were designed for a speed of 21? 
knots, with 10,000 I.H.P. The trials of the ships 
with the reciprocating engines resulted in a maximum 
speed of 22-34 knots, but the ‘‘ Amethyst,” with 
the same boiler power, easily steamed 23-63 knots, 
and there was no vibration of the ship. The steam con- 
sumption per horse-power hour of the ‘‘ Amethyst ” 
was compared with that of the “‘ Topaze,” one of the 
other vessels, and at 20 knots the figures were 
14 lb. and 16-91 lb. respectively, the former being 
regarded then as very exceptional. 

These trials had a far-reaching influence, for they 
established the efficiency of the marine turbine beyond 
all doubt, and when a committee consisting of repre- 
sentatives of the Services and of science was appointed 
by the Admiralty in 1905, it recommended the fitting 
of turbine engines for all new armoured ships. The 
battleship ‘‘ Dreadnought ” followed. The following 
were among the reasons given by the First Lord of 
the Admiralty for the adoption of the Parsons turbine 
in that ship :— 

‘Saving in weight and reduction in number of 
working parts, and reduced liability to breakdown, 
its smooth working, ease of manipulation, saving 
in coal consumption at high powers, and hence 
boiler space, and saving in engine-room comple- 
ment.” 


THE MERCHANT SERVICE. 


In the Navy efficiency is the first consideration 
rather than low first cost and ing charges. It 
was not surprising, therefore, that, notwithstanding 
Parsons’ public statement that in the case of an 
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average service speed 
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A. “ The Queen,’’ 323 x 43 21 knots 
B. 324x 3418 

280 x 35 18} 

313X 36 174 


C. ‘ 
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Fic. 1.—Results of Turbine-propelled cross-Channel Steamer, 
‘ The Queen,” Compared with Results of Three Paddle Steamers. 
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service being fitted with turbines, and within seven 
years the horse-power in a single steamer increased 
from 3500 (the “King Edward ’’) to 78,000, the 
mean power developed on a 1250-mile trial of the 
‘* Mauretania.”” Among the smaller vessels fitted, 
one of the most interesting is the “‘ Queen,” built for 
the South-Eastern Railway Company for the Dover 
Calais service in 1902. The performance of this 
steamer attracted interest the world over, because 
of the exact comparisons made with the performance 
of paddle steamers in the same service. The results 
are set out in Fig. 1, which was copied from Mr. 
Alexander Richardson’s book, ‘The Evolution of 
the Parsons Steam Turbine.” It will be seen that the 
coal consumed per passenger carried is from 25 to 
107 per cent. more in the paddle steamer than in the 
turbine steamer. The oil consumption of the turbine 
steamer is much less, the engine-room staff is less, 
and the cost of coal, oil, and engine-room staff per 
passenger is from 33 to 106 per cent. less. The turbine 
vessel, too, made more runs, not only because she 
was more popular, but because her time for a run was 
9 min. less. 

Other turbine vessels followed rapidly, but although 
all the data were favourable, the real turning point 
in favour of turbine machinery in the merchant service 
was not reached until 1904, when the decision was 
made to fit the new Cunarders, the “ Lusitania ” 
and the ‘“‘ Mauretania,” with turbine engines. The 
construction of their turbines required remarkable 
courage, for the construction of engines of 70,000 H.P. 
was a very considerable step in advance of anything 
that had been done previously. These vessels were for 
many years the most remarkable ships on the ocean, 
and until the Great War both of them crossed the 
Atlantic, in sunshine and storm, at an average speed 
of 25} to 26 knots, and with a steam consumption of 
about 11} Ib. perS.H.P. hour. Almost each successive 
trip appeared to establish a new record and, as is well 
known, the ‘‘ Mauretania” held the Blue Riband of 
the Atlantic for twenty-two years. To-day, the 
‘* Queen Mary,” with her turbine engines of about 
200,000 H.P., and a record speed of 30-6 knots, runs 
in her stead. 


CONCLUSION. 


I do not pretend to have told you the whole story 
of Sir Charles Parsons and steam. I wish, indeed. 
that I were competent to do so. A complete story 
of such an epoch-making invention as that of the 
steam turbine must necessarily interest the scientist, 
the engineer, the economist, the statesman, and the 
sociologist ; but a proper understanding of morc 
than one of these interests is given to few men, and 
[ am not one of them. 

I have touched quite lightly on a few of the pro- 
perties of steam. I have attempted to describe in 
simple language the principles of the compound 
turbine. I have told you something of the way in 
which the turbine has cheapened the production of 
power on land and sea. But on one subject [ have 
been discreetly silent, and that is the beauty of design 
in all the work that Parsons undertook. I can but 
appreciate it ; an analysis of the wonderful gift which 
Parsons had in this respect is quite beyond me. 

I have told you a little of the great advance made 
in the production of power from coal since the time 
of Newcomen. In Newcomen’s engine a horse-power 
hour was produced from about 20-30 Ib. of coal. In 
Watt’s first engine the same amount of power was 
produced for about one-fifth of this, namely, about 
5:5 lb. of coal, and in the high-pressure compound 
piston engine of 1881 the consumption per horse- 
power hour was about 2lb. of coal. The modern 
steam turbine has reduced this last figure by more 
than two-thirds, that is, to less than 0-7 Ib. of coal. 

I have told you of the phenomenal growth of power 
due to the steam engine, and of the fact that a single 
electric power station in London produces as much 
power for the community as did the whole of the 
steam engines in Great Britain when James Watt 
died ; but how many millions of horse-power are 
produced to-day by the turbine engines of the world 
I do not know. It must, however, be colossal, and 
possibly exceeds the energy equivalent to the total 
man power of the world. The turbine has, indeed, 
been an instrument of beneficent revolution, inasmuch 
as it has cheapened power, multiplied production, and 
thereby increased wealth. It has done all that Parsons 
set out to do. It may be that the turbine is now 
nearing the limit of possible efficiency. Again I do 
not know. One thing, however, I do know, and that 
is that if the spirit which animated Parsons is still 
with us, we shall not be content to convert only 
about one-third of the potential energy of coal into 
useful work. Some there are who say that the losses 
are unavoidable, that our knowledge is complete, and 
that we can do no more. To such I would say, in 
Parsons’ own words, *“ When you think you know 
everything about a thing, make some experiments and 
find out more about it.” Parsons made that his 
guiding rule. Let it guide us. 








THE signalling system along the approaches to Paragon 
Station, Hull, is to be converted from the semaphore to 
the colour light type. Two existing signal-boxes will 
be replaced by one with push-button controls, and an 
indicator panel showing all the signals and switch points 
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N last week’s article we dealt with the 3500 B.H.P. 
Kuglish Electric Fullagar oil engine and described 
some of the oil engine plant going through the works, 
We now pass to the steam turbine plant. 
Steam TURBINE ACTIVITIES, 

The Rugby works of the English Electric Company 
began building steam turbines in 1903, and during the 
last thirty-three years a very large number of machines 
have been built amounting in capacity to well over 
3,500,000 H.P. They embrace all types of condensing, 
non-condensing, back-préssure, mixed-pressure, pass-out, 
and extra high-pressure turbines for superposing on 
existing plant. 

From the very earliest days, it was appreciated by the 
engineers of the company that high speeds of rotation were 
desirable in steam turbines, from the point of view of both 
reliability and efficiency, and out of the above total horse- 
power built, more than 50 per cent. of the machines are, 
we are informed, for speeds of 3000 r.p.m. or higher. 

The first turbine to be constructed by the English Elec- 
tric Company at 3000 r.p.m. was installed in 1905, and 
it had an output of 375 kW. It is still in service. From 
that time a rapid advancement in output at this speed 
took place—to 1000 kW in 1910, 5000 kW in 1914, 
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With regard to the details of turbine construction, we 
noticed the great care and attention that is paid to manu- 
facture of the blading and nozzles. All blading and nozzles 
being machined from the solid bar. This not only applies 
to the blading and nozzles, but also to the construction of 
the high-pressure diaphragms. 

In addition to the advancement made by the English 
Electric Company with regard to machines of large output 
and high speed, a considerable amount of pioneer work 
has been done in connection with higher pressures and 
temperatures. One of the first large machines in this 
country to operate at 600 lb. per square inch was built 
at Rugby works, and, in addition to this, superposed plant 
of 2660 kW was built for operating at a pressure of 1100 Ib. 
per square inch, which at that time, namely, 1927, was the 
highest pressure turbine plant working under commercial 
conditions in this country. 

With regard to the experimental work done, it was 
pointed out to us that a special generating plant was 
installed at Rugby works in 1921. This installation con- 
sisted of a Benson type boiler producing steam at the 
critical pressure of 3250 lb. per square inch, superheated 
to a total temperature of 900 deg. Fah., and the steam 
from this was supplied to a 1500 lb. pressure turbine, also 
built by the English Electric Company. Extensive trials 














E.E.C. HYyDRO-ELECTRIC TEST STATION 


20,000 kW in 1923, and 30,000 kW in 1928, the machine 
last named being at that time the largest 3000-r.p.m. 
turbine in this country. During the last few weeks orders 
have been received for still larger sets at the same speed, 
namely, two 40,000 kW at 3000 r.p.m, for the Yorkshire 
Electric Power Company, Ltd. 

Most of these machines, particularly those of recent date, 
are of the English Electric impulse-reaction, multi- 
cylinder construction, an example of which design, for an 
output of 30,000 kW, was in process of erection on the 
test bed. Many parts of similar machines were, we noticed, 
going through the shops, amongst which were two 
30,000-kKW, 3000-r.p.m. turbines for the Shropshire, 
Worcestershire and Staffordshire Electric Power Com- 
pany’s extensions at Stourport. Another machine of the 
same type, but of somewhat smaller output, was the 
20,000-kKW, 3000-r.p.m. turbine for the electricity supply 
station of the Huddersfield Corporation, this being the 
fourth impulse-reaction multi-cylinder turbine supplied 
to the undertaking, while a third example of the same 
construction was a 15,000-kW, 3000-r.p.m. turbine for 
Aberdeen Corporation, at which station there are already 
in service two other “‘ English Electric ’’ turbines of this 
type. 

Amongst machines of medium output, there was on the 
test bed a 7500-kW, 3000-r.p.m. turbine for Stewarts 
and Lloyds, Ltd., of Corby, where another machine of the 
tvpe has recently been put in commission. 

Coming to the smaller machines, an example of the 
‘English Electric ” self-contained or “‘ unit ’’ type plant 
was also seen under erection on the test bed. 

Of the superposed type of turbine, one of particular 
interest was that being supplied to the Cawnpore Electric 
Supply Corporation, Ltd., which has an output of 
3000 kW passing sufficient steam to supply the majority 
of the existing plant, all of which is of “‘ English Electric ”’ 
manufacture. This existing plant consists of one multi- 
cylinder machine of 10,000-kW capacity at 3000 r.p.m., 
two machines each of 6000 kW, and a smaller machine of 
3000 kW. In addition to this back-pressure turbine, a 
high-pressure set is being supplied, of the two-cylinder 
design, having a maximum output of 15,000 kW at 
3000 r.p.m., and operating with a steam pressure of 
$50 Ib. per square inch, 





were carried out on this plant, extending over some two 
years, and from the data obtained many large extra high- 
pressure turbines have been produced, two examples being 
those of the Yallourn briquetting station of the Victoria 
State Commission, which turbines were of the back- 
pressure type operating at an initial pressure of 575 Ib. 
per square inch and exhausting at a back pressure of 
50 lb. to 70 1b. per square inch. These turbines at that 
time were the largest back-pressure turbines operating 
under high-pressure steam conditions. 


WaTER TURBINE ACTIVITIES. 


The English Electric Company began the manufacture 
of hydro-electric machinery on a large scale sixteen years 
ago, and is now, it is claimed, the only British manu- 
facturer of complete large water turbine sets, including 
the turbines and the generators. The company has now 
installed about three-quarters of a million H.P. of turbines 
and a like number of kVA of water wheel generators, and 
has thus established the excellent qualities of British 
designed hydro-electric plant both at home and overseas. 

The English Electric Company has a fully equipped 
industrial hydro-electric test station at Rugby. It is 
believed this is the only plant of its type in the country, 
the laboratoriés at colleges, of course, being for educational 
purposes only. In addition to tests on high-speed runners, 
&c., the company has also developed the aerofoil flow 
meter and the hydro brake at this test station. A typical 
view in the test station is reproduced above. 

While securing many important contracts abroad, the 
company has been largely instrumental in developing the 
water power resources of Great Britain, and practically 
the whole of the water turbine plant in Scotland has been 
supplied by it. 

In the four large hydro-electric undertakings in Scot- 
land the company has installed approximately 87 per cent. 
of the turbine capacity and 75 per cent. of the generator 
capacity. 

Among the examples of hydro-electric plant in course of 
construction, the following we noted were of particular 
interest :—Three 15,000 H.P. horizontal reaction water 
turbines for operating at a head of 60-160ft. at 250 r.p.m., 
for Mettur, Madras, India, one of which units was seen on 
the test bed; for Malakand, N.W. Frontier Province, 


| india, two 4500 H.P. horizontal reaction turbines for 
| working at a head of 243ft. at 600 r.p.m. were seen under 
| construction ; while for Imperial Chemical Industries, one 
| 480 H.P, impulse turbine, designed to work on gas- 
|} saturated water for operation at a pressure of 800 lb. per 
| Square inch at 1500 r.p.m., was inspected; and for 
Nymboida, Australia, two 1320 H.P. horizontal reaction 
| water turbines for operation at a head of 200ft. at 1000 
| t.p.m. were also seen. 

~ one ; 
| The works were excellently arranged for inspection by 
pe party and a very interesting day was spent. 








A FIFTY YEARS’ RETROSPECT. 


A FrrM of British engineers only fifty years of age may 
be regarded as still in the prime of youth. But with the 
intensified production of the present century businesses 
grow to great proportions far more rapidly than they did 
in Victorian days. Yet we do not doubt that many will 
be surprised to hear that G. and J. Weir, Ltd., was estab 
lished as recently as 1886. In a sense, however, the firm 
goes further back, to the early ‘seventies, when the two 
brothers, James and George Weir, established a consulting 
practice. James, the younger brother, was a fully trained 
engineer, and served at sea until he secured a chief’s 
ticket. With his knowledge of marine engines he became 
the inventor of numerous details of which the earliest of 
importance was the Hydrokineter, 1874, for improving 
the circulation in Scotch boilers. The Weir feed pump 
followed, and in 1886 the evaporator was patented. These 
inventions had up till then been made by various Glasgow 
firms, but the point had been reached where a factory 
was required, and a site was, therefore, bought at Cathcart. 
| It is claimed to have been “‘ the first specialised engineer- 
|ing’’ works in this country. Whilst remaining to this 
day specialists, the firm has step by step expanded its 
activities. In 1920 it purchased an interest in Drysdale 
and Co., Ltd., a few years later the Contraflo Engineering 
Company, Ltd., was acquired, and in 1930 Zwicky, 
Ltd., became a subsidiary of the company. Amongst 
Weir's principal rivals in marine auxiliaries, particularly 
feed regulators, was A. G. Mumford, Ltd., of Colchester, 
which carried with it the business of John Kirkaldy, Ltd. 
In 1932 Mumfords were acquired by Weirs, the works at 
| Colchester closed, and the manufacture of the products 
lcontinued at Cathcart. Two other developments must 
be mentioned. They are, the arrangement made with the 
International Nickel Company of Canada in 1914 to be 
the sole British concessionnaires for Mone! metal, and the 
firm’s interest in the Cierva Autogiro, for which it has 
just begun to build a 50 H.P. engine. 

These notes are taken from an attractive booklet 
issued by G. and J. Weir, Ltd., to celebrate their Jubilee. 
Here all those who follow marine engineering will 
come across the names and portraits of men who are 
well known to them, and will find the records of a business 
which has won for itself in its relatively short life an 
unexcelled position in its own field. 








Firth INTERNATIONAL CONGRESS FOR APPLIED MEcH- 
antics (1938).—_-The American Committee, to whom has 
been delegated responsibility for organising the Fifth 
International Congress for Applied Mechanics by the 
International Committee at its meeting at Cambridge 
University, England, in July, 1934, announces that the 
Fifth Congress will meet in Cambridge, Massachusetts, 
U.S.A., between September 12-16th, 1938, at Harvard 
University and the Massachusetts Institute of Technology. 
The programme will cover three main divisions of applied 
mechanics as follows :—({I) Structures, Elasticity, Plas- 
ticity, Fatigue, Strength Theory, Crystal Structure ; 
(IL) Hydro and Aerodynamics, Gas-dynamics, Hydraulics, 
Meteorology, Water Waves, Heat Transfer; (ILI) 
Dynamics of Solids, Vibration and Sound, Friction and 
Lubrication, Wear and Seizure. 


THe Beama ANNUAL DinnER.—On Tuesday last the 
annual dinner of the British Electrical and Allied Manu- 
facturers’ Association was held at Grosvenor House, 
Park-lane. The gathering was a large one, consisting of 
over 1000 persons, and was presided over by the Earl of 
Derby, who proposed the loyal toast. Lord Hewart 
submitted the toast of ** The Association ” 
Colonel R. K. Morcom responded. The toast *‘ Our 
Guests” was proposed by Mr. G. H. Nelson. Mr. Evan 
Wallace, Parliamentary Secretary of the Department of 
Overseas Trade, said, in reply, the United Kingdom could 
not live on internal trade alone, and he was glad to think 
that manufacturers intended to allocate a definite part 
of their productive capacity to export markets upon 
which rested the financial structure which upheld our 
defence and social services. The toast “ Our President ” 
was proposed by Mr. E. 8S. New, Chairman of the 
Association. 


Arr TRANSPORT IN Russ1a.—According to official figures 
regarding air transport developments in Russia during 
the first eight months of 1936, commercial aircraft 
carried 19,130 tons of freight, 3865 tons of mails, and 
112,852 passengers. The authorities have decided to 
operate regular air services to the Arctic this winter. 
In December flights will be made to Omsk, Lena, and 
other places in the far North. Regular passenger and 
mail services are also to be operated in the Yenisei. 
The Yenisei routes will extend over a total distance of 
approximately 4000 miles, and there will be “‘ feeder” 
les from Krasnoyarsk and Dudinka. The question of 
operating a regular air service between Russia and the 
United States continues to occupy the attention of Soviet 
experts. One route mapped out would take the following 
course :—-Moscow, Krasnoyarsk, Yakutsk, Kresti Kholjai, 
Oimakon, Nogayevo Bay, Iret, Gizhiga, Anadyr, Ca 
Lawrence, Nomo, Fairbranks, White Horse, Seattle. 
This route represents a total distance of just over 8000 
miles. Another suggested route proceeds on the same 
line as the first as far as Nogayevo Bay, and then goes on 
vid Ust Kamchatsk, the Commodore Islands, the Aleutian 
Islands, Cape Harbour, Seward, and White Horse to 
Seattle. 


and Lieut.- 
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Rail and Road. 





TRAMCARS have now been entirely superseded by trolly- 
buses at Portsmouth. The change over has cost the city 
some £250,000. 


Iv is reported that a scheme has been prepared for the 
construction of an underground railway in Rome, at an 


estimated cost of £4,000,000. 


On Thursday, November 19th, the ‘* Cheltenham Flyer ” 
completed 100,000 miles of running as this country’s 
fastest start-to-stop express train. 

OwING to an oversight the statement was made in an 
announcement issued by the Associated Equipment 
Company, Ltd., which appeared in our issue of November 
6th, that 68 per cent. of the railcars operated by the four 
British main line railways are of A.E.C. manufacture. 
We are asked to say that the word “ railcars’ obviously 
should have been qualified by the word ‘ Diesel,” when 
the percentage figure given would have been. correct. 


THe Canadian Government is expending 1,500,000 
dollars towards assisting in the improvement of trans- 
portation facilities into mining areas throughout the 
country. With the exception of Yukon and the North- 
West Territories, which are under Dominion control, 
operations are being supervised by the provinces con- 
cerned, and they are also contributing to the funds. 
The total expenditure will amount to 2,195,000 dollars. 
The money is being used mainly in the construction and 
improvement of roads, and most of the projects are 
under way. 

Iw a recent issue of the Railway Age particulars are given 
of the run on which one of the ‘* Denver Zephyr’s ”’ of the 
Chicago, Burlington and Quincy Railroad set up a new 
high-speed record for railways. The train covered the 
1017 miles from Chicago to Denver in 12 h. 12 min. 27 sec., 
at an average speed of 83-33 miles an hour. A maximum 
speed of 116 miles an hour was reached, whilst 26-6 con- 
secutive miles were covered at an average speed of 105-8 
miles an hour. The train comprised of two power cars and 
six trailing cars. Two of these new trains were placed in 
regular service on November 7th. 


AN interesting proposition to be made by the Bengal- 
Nagpur Railway Company to the Indian Railway Board 
was described at the company’s recent general meeting 
by the chairman. On the Raipur-Vizianagram branch 
of the railway there is a very fertile plateau, 3000ft. to 
4000ft. in height and parallel to the railway for 150 miles. 
The plateau is 10 miles from the line, and to run a branch 
to the top of it would not be a paying proposition. The 
company has decided to ask permission to build a road, 
to be owned by the railway and worked on railway prin- 
ciples, with facilities for both goods and passenger traffic. 


Tue L.N.E, Railway Company announces that a section 
of line 6 miles long between Soham and Snailwell Junction, 
Newmarket, which is at present single track, is to be 
doubled. This line forms part of the route used by the 
Continental express trains between York and Liverpool 
and Harwich, and by other important services. It is 
anticipated that when the line is dofbled the running 
time of passenger trains over the section will be reduced 
by two minutes and the running time of freight trains 
will be reduced by four minutes. In addition to the 
doubling of the line, improvements to be made at the 
intermediate station of Fordham include a new reception 
goods tine and improved lighting. 


A rapip piece of bridge reconstruction was carried out 
by the Great Western Railway engineers between 9.45 p.m. 
on Saturday, November 14th, and 6.30 p.m. on Sunday, 
November 15th. The temporary three-span bridge over 
the river Dulais, near Newtown, Montgomeryshire, was 
completely demolished and replaced by a new bridge with 
steel superstructure. Two signal-boxes and two level 
crossings installed in connection with working over the 
temporary bridge were also removed. The temporary 
bridge replaced the original bridge which was carried away 
during abnormal flooding on June 21st last. On the 
removal of the temporary bridge, the entirely new steel 
bridge was rolled into its position over a specially con- 
structed track, and a few hours later the normal train 
service was resumed, 

THE report of the Ministry of Transport inquiry into 
the fire which oceurred on the Southern Railway boat 
train between Winchester and Micheldever on August 15th 
last has been issued. The fire originated about the 
trailing end of the second passenger coach of the train, 
spread through this and the third coach, and ultimately 
owing to difficulty in releasing brakes and couplings, 
the passenger coach ahead and the Pullman coach in the 
rear were involved, The conclusion reached in the report 
is that the probable cause of the fire was either a spark or 
cinder from the engine alighting on the gangways bellows 
in the rear of the second coach, or an electrical short 
circuit. near its trailing end. The evidence given gave 
strength to the short cireuit theory being correct, but the 
inspector considers that it was equally probable that a 
spark caused the fire. 


THE Minister of Transport has approved a scheme to 
widen, for a distance of about a pe the old road from 
Scotland to England that leads from Jedburgh to Cor- 
bridge, and the widening will be carried out on the English 
side of the border, beginning at Carter Bar. The North- 
umberland County Council pro to reconstruct the 
section and widen the carrii y from 17ft. to 22ft. 
with an additional 3ft, on the curves. Improvements 
will also be made in the gradients and certain tortuous 
bends will be realigned. This work, which is to be put 
in hand at once, is estimated to cost about £12,000 
towards which a t has been made from the Road 
Fund. Visibility on this road is-often poor, owing to low- 
lying clouds, and in order to assist travellers it is pro- 
posed to lay down a central white line: Warning posts 
of the standard type with reflector discs wil! also be 
erected along the side of the road on the completion of the 
scheme. Although this is one of the main routes to 
England, the 1935 traffic census showed a daily average of 
only about 800 tons. The increased traffic which has 
made the widening necessary is largely of a tourist 


Miscellanea. 





Ir is reported that Imperial Chemical Industries has 
acquired land in the Aetsaa district, in Finland, where it 
is proposed to build a plant for the manufacture of liquid 
chlorine. 


ACCORDING to the recent report of the United States 
Bureau of Mines, there were 30,540,252 tons of iron ore 
mined in that country during 1935. The ore was produced 
in 144 mines in sixteen States. 


THE announcement is made that Dr. Aubrey F. Burstall, 
the elder son of the late Professor F. W. Burstall, has been 
elected to the Chair of Engineering of Melbourne Univer- 
sity, and is to leave for Australia early in January. 


At the annual Convention of the Coal Utilisation 
Council Mr. E. Brewis said that of an output of 220 million 
tons of coal in this country, just over 161 million tons 
was used for home consumption. Of this 35 million tons 
was used for domestic purposes. 


A weEw fireproofing compound known as “ Faspos ” 
has been introduced by Imperial Chemical Industries, 
Ltd. Timber containing 12 per cent. of its weight of fire- 
proofing compound is stated to be efficiently fireproofed, 
on which basis the cost of proofing works out at about 
2s. per cubie foot. Less thorough proofing can be carried 
out at the rate of about 1s. 6d. per 100 square feet. 


THe Board of Trade has received applications under 
Section 5 (5) of the Finance Act, 1936, for licences to 
import free of duty certain electro-mechanical precision 
gauging apparatus known as the Pratt and Whitney 
Electrolimit Gauge. Any representations that similar 
instruments are made or are likely to be made within a 
reasonable time in the United Kingdom, or elsewhere in 
his Majesty’s Dominions, should be addressed to the 
Principal Assistant Secretary, Industries and Manufac- 
tures Department, Board of Trade, Great George-street, 
London, 8.W.1, before December 16th. 


In a Chadwick Public Lecture entitled ‘* Industry’s 
Contribution to Public Health,” which Mr. Robert R. 
Hyde, Director of the Industrial Welfare Society, delivered 
on November 5th, it was stated that to-day 314 million 
weeks’ work is being lost among the insured population 
of the country through sickness each year. This means 
an annual average absence of ten days for men and twelve 
days for women. Specific industrial hazards were, Mr. 
Hyde remarked, often over-emphasised ; 58 per cent. 
of the total loss through sickness absence was due to colds, 
influenza, gastric affections, and tonsilitis. 


THE official returns rendered to the Electricity Com- 
missioners show that 1860 million units of electricity were 
generated by authorised undertakers in Great Britain 
during the month of October, 1936, as compared with the 
revised figure of 1650 million units in the corresponding 
month of 1935, representing an increase of 210 million 
units, or 12-7 per cent. The number of working days in 
the month (i.e., excluding Sundays) was twenty-seven, the 
same as last year. During the first ten months of 1936 up 
to the end of October, the total amount of electricity 
generated by authorised undertakers was 16,030 million 
units, as compared with the revised figure of 13,880 
million units for the corresponding period of 1935, repre- 
senting an increase of 2150 million units, or 15-5 per cent. 


A GREaT electric transmission line, carrying 220,000 

volts, is being laid in the Urals, from the south to the 
north, cutting through Magnitogorsk-Zlatoust-Chelya- 
binsk — Sinar — Sverdlovsk — Tagil —- Chusovaya - Perm — 
Berezniki. The line is more than 700 miles long. It runs 
through thick forests, across sw: and mountain ranges, 
taking in the big industrial centres of the Urals, Eight 
new sub-stations are being placed at different points on 
the line. The system embraces thirteen new electric 
power stations. Supplying energy to regions rich in raw 
materials, the Trans-Ural electric transmission line will 
become an important factor in the development of the 
northern districts of the Sverdlovsk area, The first. system 
of the line, Magnitogorsk—Zlatoust, 140 miles long, is 
practically completed. 
A NEW industry is being established in Birmingham for 
working a process by means of which aluminium can be 
dyed in permanent colours. Although aluminium has been 
coloured previously, the process to be carried on in Bir- 
mingham is new, and a company, Anotints, Ltd., has been 
formed to develop it. A factory has been acquired at 
Hockley Hill. The process is electrical, and is claimed to 
give a protective covering to the aluminium which becomes 
an integral part of the metal, and is not.in the form of a 
deposit as in chromium plating. Aluminium treated by 
the is said to become insulated against electrical 
current up to 500 volts, and it will not corrode, The 
colours are stated to be heat and light resisting, and quite 
permanent. Incidentally, it is stated that in America a 
similar process is being employed in connection with the 
manufacture of motor car pistons, by means of which the 
need for decarbonising has been very greatly reduced, and 
experiments are being carried out in this country in the 
same direction. 


A NOTE in the Chemical Trade Journal and Chemical 
Engineer gives particulars of a r read before the 
recent International Congress of es, Metallurgy and 
Applied Geology by Dr. C. Stauch, which dealt with the 
use, in shafts and roadways, of timber treated by injection 
with the mercuric chloride p tions. The following 
figures were given showing the relative efficiency of 
different preservatives :—Mercuric chloride, 100; sodium 
fluoride, 37; phenol, 10; zine chloride, 4; copper 
sulphate, 2; naphthalene, 2; iron sulphate, 1 ; alum, 0-5. 
The timber to be treated is placed in an air-tight cylinder, 
where it is subjected to a pressure of 60 cm. of mercury 
for about an hour. The timber is then steam-treated for 
two hours, and air is afterwards drawn off by means of a 
pump, and the sublimate is then injected under a pressure 
of 6 atmospheres. Special materials have to be used in 
the construction of valves, cylinders, &c., owing to the 
corrosive action of the sublimate. Very favourable results, 
it was stated, have been obtained over a period of three 
years, and it is claimed that the treated timber possesses 
a resistance to decay four times greater than that of 





Air and Water. 





Smulders, a 
Werf Gusto, 


WE regret to note the death of Mr. A. 
managing director of A. F. Smulders 
Schiedam, Holland. 


Iv is understood that the new Cunard White Star liner 
will be 12ft. longer than the ‘“‘ Queen Mary.” She’ will 
have a cruiser stern and electric welding is to he extensively 
used to reduce hull weight. 

WHEN an Italian Air Force bombing machine crashed at 
Roccagora, near Rome, on Tuesday, November 10th, 
four members of the crew were killed, one injured, and 
one escaped by parachute. While rescuers were working 
on the wrecked machine the petrol tanks exploded and 
sixteen were killed. 


Work on the Leith Docks extension scheme, which is 
expected to take over three years to complete, is to begin 
shortly. It is planned to extend the east and west break- 
waters, and the total cost of the scheme, including sea 
walls, excavations, and new pierheads, will be about 
£500,000. The entrance to the harbour will eventually be 
about 400ft. wide. 


Iw his speech upon his re-election as chairman of the 
Tyne Improvement Commission, Sir Arthur Sutherland 
said that there had been considerable recovery on the 
Tyne and great improvement was expected next year. 

angements were being completed for the acquisition 
of the Tyne Dock from the London and North-Eastern 
Railway, and proposals for the building of a new quay 
will be shortly laid before the Commission. 


THe projected Canadian transcontinental air service 
is to be operated jointly by the two railways systems. 
According to The Times correspondent, the Canadian 
Government has also decided to reorganise and strengthen 
the machinery for regulating transport by the establish- 
ment of a new Transport Commission, which will supervise 
not only the railways, telegraphs, and telephones, now 
under control of the Dominion Railway Commission, 
which will be abolished, but also over civil aviation, inland 
waterways, and possibly road transport. 


ParticuLaRs have been issued of the twelve new land 
air liners now being built for Imperial Airways by Arm- 
strong Whitworths, which are expected to be ready for 
service within a few months. They are high-wing mono- 
planes, seating forty-two passengers, and having a top 
speed of nearly 200 miles an hour. The power units will 
be four “ Tiger IX” engines, driving variable-pitch air 
screws, Retractable undercarriages are being fitted, and 
the new machines will have a span of 123ft. and a length 
of 110ft. The cost of each machine is estimated to be 
£42,000. 


Tue Air Ministry Inspector of Accidents has issued his 
report on the accident which occurred to the three-engined, 
low-winged monoplane of the Belgian Air Services at 
Tatsfield, Surrey, on December 10th, 1935. The accident 
took place when visibility was bad and there was a gusty 
wind with rain. Investigation showed that there was no 
failure of the aircraft structure or controls, and the engines 
were functioning normally. It was concluded that the 
accident must be attributed to errors in judgment on 
the part of the pilot, and that bad weather conditions 
contributed to those errors. 


WE are informed by the Great Western Railway Com- 
pany that at Newport the movable hoist track at the 
North Dock which carries Nos. 3 and 4 hoists, is to be 
extended and brought up close to the movable track on 
which the present No. 6 hoist works. This will enable 
three coal hoists to be brought together when necessary, 
and work at the same time in the loading of one vessel. 
At Swansea the equipment of 2-ton portable electric 
cranes used in the transit sheds for handling heavy 
packages of tin-plates, steel sheets, &c., is being increased 
by three new cranes. These cranes enable the transfer of 
heavy packages between truck and shed, and shed and 
ship, to be expeditiously dealt with, thereby obviating 
delays to vessels. 


A RECENTLY issued report on the economic and com- 
mercial conditions in Japan gives some interesting details 
with regard to that country’s ship improvement schemes. 
The first improvement scheme concluded in November. 
1935, and the number of ships completed under it was 
thirty-one, with a gross tonnage of 198,695, against which 
ninety-four ships of 399,122 gross tons were scrapped. 
The second improvement scheme was brought into opera- 
tion in April, 1935, and in its duration of one year 50,000 
tons of new cargo ships, each of 4000 tons or more, are 
to be constructed, against an equal amount of tonnage 
to be scrapped in ships of twenty-five years or over 
registered in the Japanese Empire. A third scheme 
came into effect on June Ist last and provides for 50,000 
gross tons of ships of 4000 gross tons or over. The esti- 
mated cost of the first scheme was 54,720,000 yen, and 
the second and third schemes 1,500,000 yen each. 


Tue Air Raid Precautions Department of the Home 
Office has issued another of its handbooks entitled ** Air 
Raid Precautions in Factories and Business Premises.” 
The handbook explains that the air raid precautionary 
services which are being organised by Local Authorities 
should be supplemented by the individual efforts of house- 
holders and of employers of Jabour. It is suggested that 
in undertakings employing considerable numbers of 
workers a scheme of air raid precautions should be worked 
out, and detailed guidance is given on the steps which 
can be taken. These include means of protecting employees 
against gas and blast and splinters from high explosive 
bombs; the safeguarding of property and material from 
damage, and arrangements for emergency repair work ; 
the provision or augmentation of first-aid facilities ; the 
organisation of adequate fire-fighting arrangements, 
including special measures necessary to deal with incen- 
diary bombs; decontamination of material affected by 
persistent gas; means of giving warning of impending 
attack, and the provision of emergency communications ; 
and steps to ensure the effectiveness of lighting restric- 
tions. Employers of labour are recommended to prepare 


schemes covering these aspects of air raid precautions, and 
to arrange for their employees to receive training in the 
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STEEL TRADE AND EXPORTS. 


THERE is no disguising the concern felt regarding 
the position of the iron and steel export trade. In 
part this may be a natural sequel to the adoption 
of new business methods with which the majority 
of people are unfamiliar and which they regard 
with some suspicion; but the speeches at the 
London Iron and Steel Exchange dinner last 
week indicated that there is more ground for the 
prevailing uneasiness than mere distrust of some 
of the manifestations of reorganisation. The 
intricate machinery which has been set up to 
control the home market for iron and steel products 
has scarcely had time to become fully effective and 
its operations are only just beginning to be under- 
stood by many of the interests most affected ; but 
there is no doubt that the teachings of many 
generations have not been forgotten and that the 
community accepts the principle that a prosperous 
export trade is essential to this country. From 
that it is but a step to demand that the iron and 
steel makers in return for the privileged treatment 
they have received from the Government should 
play their part in maintaining and improving our 
position in overseas markets. It has to be borne 
in mind, however, that for the next few years the 
exports of steel will be governed by the agreement 
between the British Iron and Steel Federation and 
the Continental Steel Cartel. This provides that 
the quota for Great Britain and the other countries 
concerned in the arrangement shall be based on 
the exports during 1934. In the official statement 
issued at the time it was admitted that the export 
figures for 1934 were not particularly advantageous 
to the British steel makers, but presumably it was 
expected that the benefits to be derived from the 
limitation of Continental steel imports into Great 
Britain would more than make up for any sacrifices. 
The question that naturally arises is whether the 
British steel makers have been able to export the 
full quota to which they are entitled. Steel pro- 
duction in this country has exceeded all records, 
but has not kept pace with the home demand. At 
the same time, the world’s requirements have 
increased, and an assurance that the British share 


of overseas trade had grown with it would be 
welcomed. The question could be answered by the 
steel makers’ organisation, which includes a very 
efficient statistical department, and is in almost 
daily communication with the Continental organisa- 
tion regarding the orders booked. 

It is as easy to read into utterances at a trade 
function more than is intended as it is to under- 
estimate their importance, but the iron and steel 
trades have come to expect that some light will be 
thrown upon the problems of the moment by the 
speeches delivered at the Exchange annual dinner. 
Mr. Runciman reminded his hearers that the 
record increase in the British production of iron 
and steel was a remarkable achievement, but 
asked who was responsible for it. Whilst he con- 
gratulated the industry on the results of its labours, 
he claimed for the National Government the credit, 
not for having made the profits for the industry, 
but for having provided the conditions under which 
the profits became possible. It was through the 
Government that “the industry was put in a 
position to bargain with its opposite numbers 
abroad, and to secure two vital safeguards. The 
first was the limitation of foreign imports into this 
country within reasonable proportions, and the 
second was a fair share of the trade in the export 
markets of the world.” Mr. Runciman added that 
privileges involved responsibility and that a con- 
dition of the protection given the industry was 
that it should take steps to see that both in its 
“technique and organisation it should maintain 
itself in a position to compete, and to compete 
successfully, with the steel industries of other 
countries.” Having said so,much, he turned to the 
export trade and dwelt upon the necessity of it 
being maintained and expanded, since the agree- 
ment with the Continental Cartel had secured for 
this country a “ not unfavourable share of overseas 
markets.” One of the principal objects of the 
British Iron and Steel Federation was to expand 
our export trade, and he looked to the industry to 
support the Federation and see that our share of 
foreign trade was secured. The Chairman of the 
Exchange, Mr. C. Bruce Gardner, was equally 
emphatic upon this subject. “It might well be 
argued,” he said, ‘that home trade was so good 
and so profitable that exports must take second 
place ; but they would need them some day. It 
might be a difficult problem to meet home com- 
mercial orders, rearmament orders, and exports 
at one and the same time, and to do so it might be 
necessary to import to re-export. But,” he added, 
“keep your hands on export trade at all costs.”’ 
This advice, coming from one who has had as much 
to do as anyone with the financial problems con- 
cerned with the reorganisation of the industry 
cannot be disregarded. Mr. 8. R. Beale, Chairman 
of Guest, Keen and Nettlefolds, Ltd., pointed out 
that “we are living under conditions of industry 
for which the past gives little guidance. It used 
to be a period of exports and individualism ; it 
now seems that it is upon the home trade that we 
shall have largely to depend for an outlet for our 
products and that the individualism of the past 
is to be succeeded by some form of control.” 

It may be taken that these three speeches repre- 
sent the views of the Government, finance, and 
the industry. The first two speakers took advan- 
tage of an appropriate occasion to warn the industry 
that our exports must be maintained, if ‘not 
increased. There is, however, no reason to suppose 
that the steel makers are not as alive to this 
necessity as other sections of the community, and 


Mr. Beale’s speech may be taken as accepting the 


esponsibility whilst at the same time exhibiting a 
knowledge of the physical difficulties involved. 
Almost any steel maker might say with reason 
“We want to export. But where is the steel to 
come from whilst the home market takes all that 
we can make for the time being and demands 
more?” An answer may be found in Mr. Bruce 
Gardner’s suggestion that it may be necessary to 
import to re-export, and in this he touched upon 
a somewhat delicate matter. It is common know- 
ledge that during the past few months the British 
steel market has had to do without several 
thousand tons of Continental steel which should 
have been imported against the quota. The steel 
is waiting to be shipped, but until difficulties 
arising from the new licensing system and points 
relating to freight and distribution in this 
country have been settled it will have to remain on 
the other side of the North Sea. The weighing of 


steel imports in order to see that the quota is not 
exceeded also may appear of more importance to 
the official mind than to the iron and steel trades 
at a time when a shortage of steel exists in the 





country. As Mr. Runciman informed the House of 





Commons last week, the iron and steel industry has 
imported something like 300,000 tons of steel in 


excess of the quota arranged with the Cartel. This, 
however, has consisted almost entirely of semi- 
finished steel to be used by our re-rollers ; and not 
finished steel for our engineers. 


Physics and Engineering. 


THankina Professor Fowler for his Thomas 
Hawksley Lecture, Dr. Gough said: ‘‘ The physics 
of to-day is the engineering of to-morrow.” That 
aphorism came at the conclusion of a discourse 
which, despite its learning and lucidity, had not 
shown that there was any relationship by birth, 
by law, or by marriage between spectroscopy and 
engineering. Dr. Gough endeavoured to bring the 
Institution of Mechanical Engineers back to the 
realities with which they are concerned. They 
had been taken into a realm where the ascertain- 
ment of the nature of the most distant stars is a 
commonplace, had been introduced to theories 
which account for the constitution of the atom, and 
had been shown how the ingenuity of investigators 
had arranged in symmetrical scales the multi- 
farious lines of the spectra of the elements. But, 
deeply interested as they were, they searched their 
minds vainly to discover what more there was in 
spectroscopy than the satisfaction of that divine 
inquisitiveness which, by dissociating it from 
worldly things, places abstract science on an 
eminence too high for those whose duty it is in 
life to satisfy the needs and pleasures of their 
fellow men. Dr. Gough, by his shrewd saying. 
did not lower abstract science from its high state, 
but he did show that engineers, by turning their 
eyes to the marvels of physics, may derive inspira- 
tion for the useful works which are proper to their 
hands. 

If, as we may justly do, we take physics to mean 
what our fathers called natural philosophy—that 
is, the knowledge of the laws of Nature—Dr. 
Gough’s aphorism is supported by many historical 
facts more certain and more illustrative than that 
of latent heat, which he took as an example. The 
steam engine itself is no longer regarded’ as the 
child of a man in a brown study watching the 
antics of the lid of a boiling kettle. Modern his- 
torians lean to the opinion that the laboratory 
experiments of Papin set in train the inventions of 
Savery and Newcomen. Even more certain is it 
that the philosophical studies gf von Guericke 
and Torricelli, by establishing the existence of 
atmospheric pressure, gave to inventors the means 
of developing power from the atmosphere and the 
ability to calculate the power they could so derive. 
Or again, consider the electrical research work of 
Faraday ; from beginning to end it was abstract 
science, performed with the one and sole object 
of wrenching another fact from the closed fingers 
of Nature. On his observations, what a marvellous 
tissue of useful arts has been built up! But whilst, 
faced with such examples, we concede that industry 
owes a vast debt to science, we do not forget that 
science is at least equally indebted to industry. 
The complete history of the aeroplane falls almost 
within the memory of living men. At no stage in 
its infancy did it owe much to physics; it was in 
existence before aerodynamics was born. String- 
fellow, Langley, the brothers Wright, Lilienthal, 
and others less famous, were hammering their way 
towards the realisation of human flight by the 
method of experiment, and with such help or 
hindrance as simple arithmetic could afford. 
Edison, to take another example, produced the 
gramophone by an appreciation of the familiar 
physical fact that sound was no more than the 
vibration of a medium ; but his search for an incan- 
descent lamp filament was an unqualified example 
of the hit and miss method. Or if we take two of 
the greatest industries of the day, wireless and the 
motor car, it may be said of the former that it is 
based wholly upon physics, which were new at the 
time of its birth but foreseen by a mathe- 
matician, and of the latter that it owed little or 
nothing in its origin to any physical laws which 
had not been the common property of engineers for 
many years. Hence it must be admitted that up to 
the present the scales have been balanced, bnt with 
an increasing leaning towards the utilisation of 
physics. But what of the future? Will it 
support Dr. Gough’s aphorism? Is there not a 
probability that we have either exhausted or 
forestalled the possibility of casual discovery and 
that the progress of the future will be based on pre- 
knowledge ? To that no one dare say “ Yes” or 
“No.” All that can be said is that the ingenuity 
of engineers may find in the discoveries of the 





natural philosophers of to-day the inspiration and 
key to applications directly serviceable to mankind. 
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In a series of Thomas Hawksley lectures the 
institution of Mechanical Engineers has put its 
members in touch with aspects of science outside 
or on the borderline of the sciences of their voca- 
tion. One by one famous physicists have drawn 
outlines of the most recent advances in their own 
fields and summarised the direction which philo- 
sophic thought is taking. In these days, when 
specialisation is tending to restrict the intelligence 
of engineers within narrower and narrower borders, 
when even the Institution itself has felt impelled 
to set up specialised Groups, it is a good 
and desirable thing that once a year at least the 
members should be shown by the hands of masters 





the discoveries of pure science. Even if great and 
profitable applications do not spring to-morrow 
from the physics of to-day, the consideration of the 
work of the great physicists must be a tonic and 
stimulation to the intelligence and inventiveness 
of engineers. Opticians tell us that, the eye pro- 
perly stimulated by light, becomes exceptionally 
sensitive ; the brighter the light the more obvious 
the flickerings of the cinematograph. In the same 
manner psychologists would no doubt tell us that 
the mind, stimulated by the light of new ideas, is 
not only brought into a condition of new creative 
activity, but that it is made more acute in its 
familiar and daily pursuits. 








Locomotive Testing. 


By LAWFORD H. FRY. 


RECENT Editorial in Taz ENGINEER (September 
‘A 25th, 1936) discussed in general terms the testing 
of locomotives. The present article aims at a more 
detailed consideration of the subject. Three general 
methods of testing are available. 


(1) Road tests with regular trains. 

(2) Road tests with the locomotive operating at 
constant speed and power. 

(3) Tests on a locomotive testing plant. 

Before attempting to discuss the three methods, 
the underlying reasons for testing should be con- 
sidered and the objectives made clear. A locomotive 
may be considered from two points of view, and tests 
made to answer questions connected with each aspect. 
In the first place, the locomotive may be looked on as 
an important item in the equipment which makes up 
the earning capacity of a railway, and tests may be 
made to determine its effectiveness. In the second 
place, a locomotive may be seen as a machine which 
delivers power at the expense of fuel and water, and 
tests may be made to measure in detail its thermal 
and mechanical efficiency. 

In the first case tests with regular trains may fill 
the bill completely. With trains of given weight the 
running times can be found. With a given time-table 
maximum train weights can be determined. The 
relation of train load and timing to expenditures for 
fuel, water, labour, and other supplies can be explored. 
In other words, full information can be obtained as 
to how the locomotive as a whole fits into the railway 
pattern. 

The information obtained is valuable, but limited in 
scope. Each test will give the result of a particular 
solution of a transportation problem, but the tests as 
a whole will not provide data on which to base a 
detailed study of the locomotive itself. For such a 
study the information must be varied enough to permit 
thorough analyses of all the individual processes by 
which power is evolved trom the fuel. Combustion, 
heat transfer, steam production and superheating, 
transmission of the steam to and its utilisation in the 
cylinders, and the blast action of the exhaust all call 
for examination. Tests to serve these varied ends 
can only be carried out satisfactorily if the power 
output and the speed can be held constant over a 
considerable period of time. Opportunity must be 
given for a stable operating condition to be reached, 
and for satisfactory measurements to be made. In 
all boiler tests a run of considerable duration is needed 
if the amount of coal consumed is to be determined 
accurately. It is also important to remember that 
the latent heat in the boiler water constitutes a con- 
siderable reserve of excess capacity. With a falling 
steam pressure the cylinders can, for a short time, 
draw steam from the boiler at a rate considerably 
above the rate of evaporation which can be maintained 
continuously. Similarly for the cylinders. Accelera- 
tion, if not taken into account, will distort the values 
obtained from the indicator cards. That the operat- 
ing conditions be held stable during a considerable 
period is essential for accurate measurements, 
but for various reasons it is not easy to meet this 
requirement in road tests with regular trains. Stops 
are necessary. The gradients change, and, as a con- 
sequence, the draw-bar pull or the speed changes. 

For these reasons it is practically impossible in 
tests with a regular train to obtain data which can be 
used in a detailed analysis of the operation of the 
locomotive. Such accurate knowledge as we have at 
present of the details of locomotive combustion, heat 
absorption, &c., is derived from tests run under 
definitely constant conditions, either on a testing 
plant or on the road with a special tram. Though 
the requisite stability of operation is practically 
impossible with a regular train, it can be obtained on 
the road if a long stretch of line having uniform 
gradient and curve resistance is available, or if a train 
is used in which'the resistance can be varied to com- 
pensate for variations in gradients and curves. 

Borodine ran locomotive tests under constant 
conditions in Russia as long ago as 1886, utilising long 
stretches of straight level line. This method is not 
practicable for present practice. Tests of at least 





an hour’s duration are desirable to ensure stability 
of all processes, and very few lines of uniform resist - 
ance and sufficient length are available. To make 
road tests under constant conditions, a train with 
variable resistance must be used. 

In Germany and in France this has been done hy 
putting behind the dynamometer car a “train ”’ 
consisting of one or more locomotives working in 
reverse gear with a Lechatelier counter-pressure brake 
operating in the cylinders. This provides a very 
convenient test load. The locomotive to be tested 
runs with constant throttle and cut-off while the 
engineman on the load locomotive watches the speed 
indicator and by adjusting throttle and reverse lever 
varies the resistance offered, so that uniform load, 
and therefore uniform speed, is held irrespective of 
the gradients encountered. Measuring instruments 
can be applied as desired and arranged to read in the 
dynamometer car. The advantage of the method is 
that the locomotive being tested works under road 
conditions, except for the constancy of speed and 
cut-off. The load can be adjusted accurately to give 
any desired draw-bar pull with the assurance that 
this will be maintained throughout the test. A minor 
but appreciable advantage is that the use of the brake 
locomotive does away with the imconvenience of 
assembling and disposing of the cars of a test train. 
A major advantage, compared with the stationary 
locomotive testing plant, is that the capital expendi- 
ture is very much less. The brake locomotives are 
inexpensively obtained by fitting obsolete engines 
with the simple equipment required. Very elaborate 
and extensive studies of locomotive operation can 
be and have been made by this means. Among these 
must be mentioned with admiration the extensive 
studies on the Paris-Orléans, reported by Monsieur 
André Chapelon. 

In spite of all this there is a great deal to be said in 
favour of the advantages of a stationary plant on 
which the locomotive can be run under close observa- 
tion with the greatest convenience. In this direction 
Professor Goss pioneered at Purdue University over 
thirty years ago. The Pennsylvania Railroad test 
plant at Altoona, which attained its majority last 
year, has contributed very largely to our detailed 
knowledge of locomotive operation. 

With a stationary plant the locomotive can be 
tested at will unhampered by weather or by other 
trains using the road. The fact that the locomotive 
is tested in an enclosed building facilitates all of the 
measurements. Water and coal can be accurately 
weighed. Indication of the cylinders at frequent 
intervals can be carried out easily and directly. The 
measurement of pressures and temperatures is very 
much easier than on the road, and the smoke-box 
gases can be sampled and analysed without undue 
difficulty. 

In discussing the results obtained on the stationary 
plant, it is sometimes suggested that road tests give 
results more nearly approaching those obtained in 
service. Supporting arguments are that the forward 
motion of the locomotive may affect the draught, 
that vibration may help steaming by assisting in the 
disengagement of steam from the heating surfaces, 
and that the external heat losses may be less standing 
than running. The writer does not believe that these 
arguments are valid. The ash-pan openings are not 
usually so placed as to receive any appreciable dynamic 
increase of pressure. The evolution of the steam is 
so active that a change in the vibration of the machine 
can hardly be effective. Finally, the boiler loss by 
external radiation and convection is so small, even 
when running, that it can be halved or doubled with- 
out materially affecting the heat balance. 

Close study of the work done on the Pennsylvania 
Railroad locomotive testing plant shows that the 
results are of great practical value, and can be and 
have been used for purposes of design and for tonnage 
rating. 

In evaluating the locomotive testing plant no proper 
decision can be made unless the type of testing to be 
carried out is clearly defined. If nothing more is 
desired than determination of the evaporation as 
pounds of water per pound of coal or steam consump- 








tion in terms of pounds of steam per indicated horse- 
power hour, the installation of a testing plant is a 
needless extravagance. 

The usefulness of the stationary locomotive testing 
plant goes beyond the mere checking of overall effi- 
ciency. It consists in the opportunity provided for 
obtaining basic data. It is im research work of this 
character that stationary locomotive testing plants 
can be of real value in the future as they have been 
in the past. Progress in locomotive boiler design can 
be made, but this requires exact knowledge of the 
details of combustion. Data from the testing plants 
have shown that change in the area of the heating 
surface has little effect on the boiler efficiency. The 
type of coal or other fuel is all important, and the 
designs and dimensions of the fire-box must be 
adapted to the fuel. Further information is needed 
to determine whether any given fuel is being burned 
under optimum conditions. To secure such informa- 
tion frequent and accurate determinations of tem- 
perature and gas analysis are essential. A stationary 
testing plant offers the best opportunity for such 
determinations. 

As a further advantage it might be thought that 
in the stationary plant the unburnt portions of the 
fuel, sparks, cinders, and combustible gases could be 
trapped, and that this would be an advantage in 
establishing a heat balance. Actually this is not 
important. In the first place, the large volume of 
the gases of combustion makes entrapment of un- 
burned portions a difficult mechanical problem. In 
the second place a satisfactory heat balance can be 
struck without measuring the loss in unburned fuel. 
The analysis and temperature of the smoke-box gases 
will give the amount of heat lost per pound of fuel 
actually burned. The difference between this and 
the heating value is the heat taken up by the boiler 
per pound of fuel actually burned. At the same time 
the heat taken up by the boiler per pound of fuel fired 
can be found by measuring the evaporation and esti- 
mating the loss by external radiation. The ratio of 
the heat taken up per pound of fuel fired to the heat 
taken up per pound of fuel burned gives the efficiency 
of combustion. All of the quantities required for this 
computation can be measured easily, except the loss 
by external radiation. This latter is so small an item 
that it can be assumed to be 5 per cent. of the heat 
of evaporation without introducing any material 
error into the other items of the heat balance. ‘ 

One other point deserves attention in a discussion 
of the pros and cons for a stationary locomotive testing 
plant. In the great majority of boiler tests the 
results are not affected by the action of the cylinders. 
Such tests can be run satisfactorily with the cylinders 
out of commission while the steam produced is 
exhausted steadily up the stack. Measuring equip- 
ment and laboratory facilities are, of course, neces- 
sary, but for the majority of the boiler testing the main 
advantage of the complete testing plant is that boiler 
and engine tests can be run simultaneously with 
practically the same staff of observers. 

It seems certain that the steam locomotive is 
capable of further development and that this must 
be based on exact scientific knowledge. Locomotive 
testing plants can be of the greatest assistance in 
providing the necessary data. There is, however, 
great need for a proper survey and assimilation of 
existing data. If useless repetition is to be avoided, 
it is essential that the information now available 
should be codified, so as to establish general prin- 
ciples which can be widely accepted, and which will 
thus guide future research. 
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Benson Boilers in the Liner ‘‘Potsdam.”’ 


By Director BERTHOLD BLEICKEN, V.D.I. 


E our annual article of January 10th, reference 
was made to the electrically propelled liner 
* Potsdam,” which in July of last year entered the 
* Far East” service of the North German Lloyd 
Company. Earlier in the present year we had the 
pleasure of making a short trip in the steamer and 
opportunity was afforded us of inspecting the super- 
high-pressure Benson boilers and the Siemens- 
Schuckert propelling machinery. In the following 
article Director B. Bleicken, V.D.I., of Hamburg, 
who was in charge of the ship during its construction 
and the installation of machinery at the yard of 
Blohm and Voss at Hamburg, discusses some of the 


reasons which led to the adoption of the machinery 
design, and deseribes the Benson boilers and their 


that in actual practice the mancuvring features of 
ships with electric transmission are unsurpassed. 
THE Evecrric Drive, 

After over a year and a-half of operation the author 
is in @ position to state that the electrical propulsion 
system on board the ‘“ Potsdam” is an unqualified 
success. In this connection it may be remarked that 
it is the first time that A.C. at 6000 volts has 
been used aboard ship for propulsion services. The 
loading on the cables, both as regards insulation and 
switchgear, is naturally heavy, but such a loading 
was intentionally chosen in order to gain experience 
with cables of moderate areas designed for still 
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performance at sea. Director Bleicken, we may 
recall, succeeded Dr, E. Goos as director of machinery 
construction of the Hamburg-Amerika Line. 


DESIGN CONSIDERATIONS. 


The principal feature in the design of the machinery 
of the “ Potsdam” was the adoption of a super- 
pressure turbine and boiler plant with the turbo- 
electric drive. High pressures call for high tem- 
peratures, and to-day the successful use and control 
of such temperatures is a matter directly concerned 
with the physical properties of materials. This 
problem may now be said to be largely overcome, 
especially if the temperatures be limited to within 
about 900 deg. Fah. The difficulties of design, how- 
ever, are augmented, particularly in the case of the 
turbines and control gear, if the sudden unavoidable 
variations of temperature which occur during the 
manceuvring of the engines are taken fully into 
account. These difficulties are, however, by no means 
unsurmountable. 

In the turbo-electric drive ‘the variations in tem- 
perature are not so marked, and increased reliability 
is given by the fact that the rotation of the turbine 
takes place at a fixed «peed even when the pro 
pellers are stopped. The calculations made for the 
turbo-electric drive showed that the losses with that 
drive were not greater than those with geared tur- 
bines, and the possibility of supplying both pro- 
pelling motors from one generator gave further 
advantages. In practice this particular design has 
shown its advantage on several occasions. The 
desired high efficiency of generators and propelling 
motors was, it was found, only obtainable by using 
alternating current, which until recently has only 
found a limited use aboard ship, although it is used 
practically universally in modern land practice. 

In the ‘“ Potsdam” the use of A.C. is con- 
tined to the main engines and D.C. is employed for the 
extensive auxiliary services. In view of the many 
advantages it offers, it seems likely that in future A.C. 
will be much more used in marine service, as expe- 
rience shows that at sea commutators and brushes 
form the main source of trouble and are responsible 
for the main items in the upkeep of marine electrical 
plant. Another advantage of electric driving is that 
electrical plant lends itself to the exact recording of 
results, and by this means some very interesting 
performance figures have been obtained, The power 
consumption of the auxiliaries, always a matter of 
outstanding importance in the design and operation 
of passenger vessels, has now been very accurately 
obtained. The effect of the rudder has also been 
measured precisely and has led to surprising results. 
Previously it was very difficult, if not impossible, to 
record accurately in a turbine-driven ship the varia- 
tions in power required for propulsion during heavy 
weather. On the ‘“ Potsdam” actual variations of 
about 1000 kW are certainly exceeded, and have been 
recorded exactly both as regards their amount and 


= 45% 


SHOWING PROPULSION EFFICIENCY 
* Potsdam ” installation indicate that no hesitation 
need be felt in now proceeding to larger outputs. 
Perhaps the most important experience gained with 
the plant was that relating to synchronisation. It 
was definitely proved that the electric coupling 
between the generator and the propelling motors was 
maintained under the most difficult conditions, and 
that even with the propellers out of water there was 
no danger of de-synchronisation. 

As shown in diagram Fig. 1, based on torsionmeter 
readings, the efficiency of the synchronous motors is 
a remarkably high one, the combined losses in the 
generator and the propelling motors only amounting 


as roller bearmgs and repeated readings have shown 
a saving of at least 4 per cent. 


THe Benson BorLtER PLANT. 


The boiler plant in the “‘ Potsdam” consists of 
four Benson boilers, each with a total heating surface 
of 590 square metres, or 6300 square feet. While the 
ship was under construction several super-high- 
pressure boilers were giving satisfaction in land 
service, but on board ship information relating only 
to the Benson boiler was available. It had already 
been in service on board the steamer ‘* Uckermark,” 
belonging to the Hamburg-America Line, for four 
years, and had given valuable experimental results. 
The firm of Blohm and Voss, of Hamburg, have been 
responsible for the design of the Benson boiler for 
marine purposes to a great extent. 

The Benson boiler, as now known, is a pure water- 
tube boiler without a steam drum or water gauges, 
and it can be built as a light-weight boiler with 
guaranteed safe working for the highest ‘possible 
pressures. That on board the “ Uckermark ” was 
worked during the first four years at a pressure of 
225 atm. (14-22lb. per square inch), or about 
3200 Ib. per square inch, although the turbine plant 
itself was run at a pressure of only 60 atm., or about 
853 lb. per square inch, the quantity of steam 
required being small. The Benson boiler can, how- 
ever, be quite well worked at lower pressures and is, 
in fact, as adaptable in this respect as can be desired. 
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BortER RatTING AND REGULATION. 


According to Dr. Gleichmann, of Siemens-Schuckert, 
Ltd., the best working pressure for a power plant is 
about twice the steam quantity in tons per hour. 
Assuming therefore a steam consumption of 80 tons 
per hour, the initial pressure for the turbine would be 


| 160 atmospheres, or about 2275 lb. per square inch. 
| 
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FIG. 2—FRICTION LOSSES IN SHAFT BEARINGS 


to about 4 to 5 per cent. In the * Potsdam ”’ both 
the generator and the propelling motors are arranged 
in the main engine-room and are equipped with closed 
air cooling circuits. With this arrangement it is 
possible to keep the temperature of the cooling air 
always above the dew point and thus prevent any 
condensation on the cooling pipes. As the cables 
used have a large area, moderate temperatures are 
maintained. 

Fig. 2 shows the propeller shaft arrangement, from 
which it may be seen that fourteen shaft bearings 
with two bulkhead glands are used, while with the 
propeller disconnected there are twelve bearings and 
two bulkhead glands. For the sake of reducing trans- 





their period of duration. Finally it has been proved 











mission losses the tunnel shaft bearings are designed 








FiG. 3—BENSON BOILER DURING ERECTION 


With the Benson boiler the pressure is practically of 
minor importance for the designer, as the small 
diameter of the tubes employed offers in itself sufficient 
security against possible failure. The absence of a 
steam drum has been occasionally criticised as a draw- 
back, in that there is a want of sufficient steam capa- 
city during periods of quick manceuvring. In service, 
however, this criticism has not been justified. All 
desired manceuvres were carried out without the 
slightest difficulty. During the periods when the 
machinery was stopped, a certain flow of steam 
through the tubes was necessary, but that was 
generally available on account of the steam needed 
by the auxiliaries. Besides there was no difficulty in 
supplying such quantities of steam through the 
by-pass steam pipe. In practice, the short periods 
during which such steam may be required were found 
to be so brief that they may be looked upon as 
negligible as far as marine work is concerned. Further 
trials also indicated that there are many other means 
of overcoming this difficulty. 

With the Benson boiler fully automatic regulation 
has been accomplished, under the severest conditions 
of operation without the temperature of the superheat 
varying more than 30 deg. to 40 deg. Cent. or about 
86 deg. to 104 deg. Fah. During the trials, all the 
manoeuvres were carried out from “* full speed ahead ~ 
to “ full speed astern ” without the feed pumps, fans, 
or fuel pumps requiring any hand operation, while 
the whole of the boiler plant adjusted itself auto- 
matically to the steam consumption. Further, the 
emergency gear on the turbines was tripped and the 
regulation under this condition was excellent. The 


special design of the Benson boiler with its extremely 
small evaporation surface, compared with other types 
of boilers having steam drums, automatically pre- 
vents the water from foaming, in case of a suddenly 
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increased output. On the other hand, the heat 
storage in the tubes is such that there is ample reserve 
to meet even large sudden demands for steam. Con- 
trary to other boilers, with the Benson boiler there is 
no difficulty in maintaining the temperature of the 
superheat, even under the most difficult manceuvring 
conditions. Considering all this, the design of the 
boiler is, it will be conceded, well-nigh as simple as it 
can be. Indeed, there is nothing more simple than to 
pump water into one end of a tube and to receive steam 
at the required temperature at the other end of the 
tube. With higher pressures forced feed will become 
more and more necessary, and it is to be recom- 
mended under these conditions. 


TUBE ARRANGEMENTS. 


In practice it is a matter of trial and experience 
as to how many tubes are placed in parallel one 
with the other. Figs. 3 and 4 indicate the arrange- 
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FiG. 4—RADIATION AND EVAPORATION TUBES 


ment of tubes employed in the ‘“‘ Potsdam ”’ boilers. 
On the ** Uckermark ” there are eleven such tubes, 
while in the case of the “ Potsdam ”’ there are, as 
shown in Figs. 3 and 4, twelve in the radiation part 
of the boiler and twenty-two parallel tubes in other 
parts of the boiler. A further great advantage of the 
Benson design of boiler is that the combustion 
chamber can be shaped to meet the best combustion 
requirements. The experience which was gained with 
the single Benson boiler in the “ Uckermark ” gave 
an opportunity of trying altered arrangements of 
tube groups with the view of improving reliability in 
running. Here again the Benson design offers great 
advantages compared with some other designs. 
According to circumstances, it may be important to 
have the steam passing in a direction either parallel 
or counter to the flue gases. The longer one has 
experience with super high-pressure boilers, the more 
one comes to appreciate the great advantage of being 
able to alter the position of the feed heating or super- 
















































the others. The more frankly this is done, the sooner 
the best design will become evident. 
FEED WATER TREATMENT. 

It is often said that the Benson ‘boiler is sensitive 
with regard to its feed water. The question of water 
is decidedly important, but this also refers without 
exception to all super high-pressure boilers. While 
designing the ** Potsdam,” this difficulty was recog- 
nised from the very beginning and precautions were 
taken. Trials on the “ Uckermark ” with intentional 
inflows of salt have proved that even considerable 


been found that tubes which already showed signs 
of corrosion can be protected and even preserved by 
the addition of a corresponding amount of Na ,PO,. 
It is important that this chemical treatment should 
be carried out continuously and a special feeding 
device is provided. 

Any anxiety with regard to the safety of the boiler 
being affected by the addition of mineral salts was 
not shown to be justified. Calculation showed that 
the small quantities cause no danger because the 
heat transmission is hardly affected. It is naturally 
important that any deposits should preferably take 
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FIG. 6-ARRANGEMENT OF AUXILIARY CIRCUITS 


amounts of salt caused no disturbance, provided 
that they only lasted a short time. The greater 
portion deposits on the tubes in the critical zone where 
the superheating takes place, while the remainder 
evaporates and passes into the turbines. If this is 
noted in time, the salt can easily be washed out again, 
and under ordinary conditions such cleaning can be 
done in port at intervals of, say, twelve or fourteen 
days, as on the “ Potsdam” and ‘“ Uckermark.” 
On board ship the feed water always consists of con- 
densate, the additional make up being obtained by 
evaporation. To secure absolutely pure condensate 
a double evaporation is necessary, and this was 
adopted on the “‘ Potsdam.” Simple evaporation of 
sea water alone is not sufficient, as it may independ- 
ently have to be treated chemically. The higher the 
temperatures and pressures are, the more attention 
it is found has to be given to free oxygen. For reduc- 
ing the absorption of oxygen to a minimum a com- 
pletely closed system of circulation was chosen. 
Even with such a plant some oxygen still remained 
in the water owing to slight leakages in the L.P. part 
of the turbine plant, such as glands and flanges under 
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Fic. 5-AIR AND FLUE-GAS CIRCUITS 


heater tubes after the completion of the design at a 
minimum of cost, or to choose the temperature in 
the radiation section so as to suit the safety require- 
ments. 

When the rapid development of the super high- 
pressure boiler during recent years is reviewed, it is 
not difficult to see why several different types of 
boilers have come into use. For some time they will 
continue to compete against each other until the best 
and the simplest design takes the lead. Every designer 
will naturally try to advocate the special advantages 
of his own design and to emphasise the drawbacks of 





vacuum, and also the make-up water obtained from 
sea water. In the condenser itself a certain under- 
cooling of the water is unavoidable, which absorbs 
oxygen and releases it again with rising temperatures 
to attack the boiler tubes. It is therefore necessary 
to heat the condensate outside the condenser prac- 
tically to boiling temperature in order that only 
traces of free oxygen may remain. These are then 
bound by adding sulphite of sodium, which practice 
has become necessary, and is found to be efficient. 
In addition to this treatment, Na,PO, is then 
added to give the tubes a protective coating. It has 


place in a zone in which the flue gases have lost so 
much heat that the tubes are no longer endangered 
by any delayed heat transmission. The Benson boiler 
especially helps to avoid such a danger by the arrange- 
ment of the tube system. The fact that some tubes 
burst during the maiden voyage of the “‘ Potsdam ” 
has nothing to do with this. The reason for that 
happening was found after some days to be due to 
leakages in the condenser. No super high-pressure 
boiler will stand up to such leakages beyond a limited 
period, but it was feared that some of the tubes might 
burn out immediately the feed pumps were stopped. 
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FiG. 7—-AiR-COOLED CHAMBERS 


Experience has shown, however, that there is in 
practice ample time to shut off the oil burners, just 
as it is necessary to do with any other boiler. 
Another danger was that expected from mechanical 
clogging which may happen in the beginning with 
long tubes, thus putting the boiler out of service. 
This danger, which is common to other boilers as 
well, can be considerably reduced by carefully clean- 
ing the tubes by pickling them, and by passing strong 
magnets through them. 

The recent rapid progress made in welding has been. 
of great value in the design and construction of the 
Benson boiler. The individual tubes are welded to 
flanges which are not exposed to the flue gases 
and the flanged connections are placed outside the 





boiler. 
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For the oil burners a new design by Blohm and 
Voss, of Hamburg, was adopted which gives a very 
good atomisation. The oil pressure is varied between 
7:5 and 40 atmospheres, or 107 Ib. and 570 1b. per 


square inch. Each burner is designed to atomise 
up to 600 kilos. of oil, or 13201b. per hour. As 
each boiler has four burners, a very large range of 
regulation is obtained in the simplest manner, which 
at the same time fulfils all practical requirements 
and offers the greatest safety. The lighting up of the 
boiler is effected in the easiest way by an electric 
ignition torch. 

As shown in Fig. 5, each boiler is fitted with indi- 
vidual balanced draught, so as to obtain a pressure 
in the furnaces which gives the best possible effi- 
ciency, ¢.e., a few millimetres on suction side. The 
combustion air is preheated up to about 200 deg. 
Cent., the flue gases being correspondingly cooled 
down from 200 deg. to 180 deg. Cent., or 392 deg. to 
356 deg. Fah. As the boiler casing is entirely sur- 
rounded by the incoming combustion air radiation 
losses are reduced to a minimum. 

There is no actual automatic regulation of the 
boilers on the ‘‘ Potsdam,” because it was not con- 
sidered necessary in a merchant vessel. A special 
control desk is, however, provided in the stokehold, 
from which all operations can be supervised and con- 
trolled. During the ordinary running periods of 
eight hours not the least regulation of a single valve 
or pump was found necessary, although the power 
consumption of the auxiliaries varied considerably 
during the period. The variation in steam consump- 
tion of the auxiliaries was so small compared with 
the total steam production that the total consump- 
tion was practically constant. Therefore no altera- 
tion of the output of feed pumps, fuel pumps, or 
fan engines was found necessary. 

For producing the make-up water, surface evapo- 
rators are used, great consideration being given to 
high economy. The sea water is previously degassed 
as far as possible, and Na,PO, is then added to the 
water of condensation and leaves the first stage 
evaporators so as to soften the water sufficiently. 
The testing of the feed water is carried out con- 
tinuously, for which purpose electric as well as 
chemical recorders are employed. The proportion of 
free oxygen is kept constant below 0-08 mgr., which 
figure offers far-reaching security against corrosion. 


AUXILIARY MACHINERY. 


As will be seen from Fig. 6, the auxiliary plant of 
the ‘* Potsdam” is, in common with all modern 
passenger liners of the size, a very extensive one. 
The power is supplied by four turbo-generators, 
each of 600-kW capacity, along with two oil engine 
driven generators, each with a capacity of 420 kW 
to 350 kW. The oil engine sets are principally for 
use when in port. For electric plants working with 
220 volts D.C., a system of relays with time 
lags is used, which it is believed is new to marine 
practice. They are shown diagrammatically in Fig. 6. 
Relay No. 1 cuts out all minor circuits, such as 
galleys, ventilating, and heating circuits, without 
a time lag; relay No. II cuts out all D.C. 
circuits for the propelling machinery, with a time 
lag of one second; while relay No. III disconnects 
the automatic main switch, with a time lag of six 
seconds. This system of relays has been designed 
to prevent the whole plant from shutting down in 
case of a short circuit. Experience has shown that 


design and general lay-out of the condensate and 
feed-water circuits, of which some mention is called 
for. The complete absence of oxygen in the water 
makes it very inelastic, so that any sudden accelera- 
tions or retardations must as far as possible be 
avoided. The steam pipes also called for careful 
lay-out and design with good workmanship. All 
high-pressure steam pipes were belled at their ends 
in a@ special machine, and were joined with loose 
flanges. Expansion called for a specially planned 
lay-out. All valves and valve seats for the highly 
superheated steam were made in special alloy steel, 
and for the valve spindles nitrided steel gave the 
best results. The refrigerating plant consists of 





three ammonia machines, with a total designed capa- 
city of 3,000,000 calories, or about 11,190,400 B.Th.U. 
As illustrated in Fig. 7, all the chambers are cooled 
by air only ; thirty-five changes of air per hour are 
provided for. The use of coils, it will be noted, has 
been entirely abandoned. Experience gained with 
this type of plant in Hamburg-Amerika Line ships 
has led to its use by the company in all ships. 
Engineers once having had experience with the 
air-cooling system, like the change, as pipe 
sweating is avoided, and thawing of pipes and pipe 
corrosion troubles are avoided. The saving in space 
is considerable, and produce keeps better as the degree 





of moisture is quite easily controlled. 








AST week we visited the works of George Kent, Ltd., 

j at Luton, Bedfordshire, to see the new Multelec 
instrument for the measurement or control of temperature, 
PH, electrolytic conductivity, &c. Made in single-point 
or multi-point form, the instrument is claimed to operate 








Fic. 1—CENTRAL MECHANISM 


with a high degree of accuracy and to have a wide field 
of application. Judging by the amount of new plant that 
has been installed for manufacturing, assembling, and 
calibrating the instrument, a large demand is expected. 


The Kent Multelec Recorder. 


eset See a 


line and the other in a series of dashes. The potentio- 
metric principle of operation ensures automatic tempera- 
ture compensation. Other features of the instrument are 
indifference to high or varying line resistance, frequent 
automatic current standardising, a robust and accurate 
galvanometer, a high-frequency measuring cycle ensuring 
immediate recording of any change, and ample chart 
width. 

The central mechanism (Fig. 1) detects by means of a 
sensitive galvanometer the slightest change in the quantity 

ing measured, and when clamped by scissor mechanism 
the needle forms the primary part of a motor-driven relay, 
which develops so much power that it cannot be restrained 
by hand, and friction is of no consequence. By reason of 
the operating principle mentioned, the circuit is con- 
stantly balanced and varying line resistance, including 
poor contacts, will not adversely affect the instrument. 
Every 54 min. it automatically standardises its own circuit 
voltage, thus providing a check on the reliability of the 
potentiometer. Provision is made, however, for checking 
the balance, both mechanically and electrically by hand. 
In the former case all electrical influences can be isolated 
by changing one connection at the front of the mechanism, 
when by turning a set-screw any adjustment necessary to 
restore a perfect balance is made. To check the electrical 
balance a knob is pressed, when the circuit is changed 
over from the measuring unit to a standard cell and the 
instrument corrects the electrical balance automatically, 
the rheostat being brought into the position required for 
a correct steady voltage to be delivered to the circuit from 
the dry batteries. 


When the battery needs replacing a white arrow appears 
at the front of the current-adjusting mechanism. At every 
measuring cycle the galvanometer needle which is free 
from restraint is securely clamped together with the control 
mechanism and the recording mechanism is actuated 
without lost motion or “ spring,” a defiection of 1/1000th 
of an inch of the needle being reproduced with accuracy on 
the chart. The effect of any change in conditions is seen 
on the recorder within 2 sec. of its occurrence, and the 
pen can travel completely across the chart in 22 sec. 
The effective width of the chart or pen travel is 10in., 
giving an open record which can be read with a high degree 
of accuracy. While the standard speed is lin. per hour, 
change speed wheels can be supplied to alter the speed to 
2in. or 3in. per hour. The chart roll is 120ft. long and at 
the first maintained speed lasts sixty days. 

To facilitate inspection the recording mechanism is 
mounted on a hinged frame which can be swung out free 
from the casing, as shown in Fig. 2, without interfering 
with normal operation. The arrangement also facilitates 








the scheme admirably serves the purpose for which 


In the single-point temperature recorder, a pen traces 2 


the process of changing the chart. In Fig. 3 is shown a 


























FiG. 2—RECORDER WITH CHART WITHDRAWN 


Fic. 3—PH. RECORDER 





it was designed. As on all German ships, the wiring 
is carried out on the single-pole principle, which, it 
is claimed, offers greater security than the two-pole 
system. 

With the exception of the reciprocating feed-water 
pumps, all. other pumps are of the rotary type, 
vertical pumps being employed where possible in 
order to save space. Great care was expended on the 








continuous record, while in the multi-point type as many 
as six temperature records can be printed concurrently 
on the same chart by switching from one point to another 
every minute. Each record is identified by an index 
number printed on the chart next to every point of the 
dotted record line, and the index number of the point 
being recorded is shown up boldly on an indicator. 

For two-point recording, an interruptor mechanism is 
fitted which causes the pen to make one record in a dotted 





pH recorder with its chart in the normal position, and in 
Fig. 4 a temperature recorder with the batteries and 
recording mechanism exposed. The standard A.C., 
50-cycle operating motor works at 110 volts. On higher 
voltages a transformer is required and for frequencies 
higher than 50 a motor generator must be provided. When 
the supply is D.C. the standard motor with the resistances 
in the instrument operates at 200 to 250 volts. 

The diagrammatic arrangement of the operating mech- 
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anism of a single-point thermo-couple temperature recorder 
is shown in Fig. 5. Immediately a change in the conditions 


occurs the pointer 1 of the galvanometer is deflected and 
after it has been gripped and made stationary by the rising 
of a horizontal bar the deflection is transmitted by the 
scissor levers 2 to the position arm 3, which is tilted in 


In the case of an open acid bath measuring and reference 
conductivity cells are used. The two cells, which are 
placed in the bath, are similar and the reference cell is 
filled with the solution of exactly the required concentra- 
tion. Any departure in value from the set value of the 
reference cell is measured by the measuring cell, which 






































one direction or the other. Every two seconds the arm 3 is 
clutched to the disc 4, when cams 5 bring the arm back to 
the initial horizontal position and rotate the disc 4, thus 
transmitting the galvanometer movement to the shaft 6. 
As the galvanometer pointer is clamped at the moment 
when the scissor levers 2 move together, the pointer is not 
subjected to any strain and as the transmission of the 
defiection is performed entirely by an external source no 
duty is imposed on the galvanometer. A post on the arm 3 
can be adjusted to vary the magnification of the pointer 
movement to the rotation of the shaft 6, and thus permit 
optimum sensitivity to be obtained for any range. 

The variation in applied potential due to a change of 
conditions being measured is compensated for by the move- 
ment of the slidewise disc 7 on the shaft 6, both the slide- 
wise dise and a cord-wheel which controls the movement of 
the recording device being moved proportionally to the 
galvanometer deflection. When the potentiometer current 
is to be checked the contact 8 is broken and 9 is made, 
thus placing the standard cell across the coil C and dis- 
connecting the measuring instrument. At the same time, 
the periphery of the slidewise disc 7 is brought into contact 
with the edge of the battery rheostat 10, which is therefore 
rotated by the measuring mechanism until the correct 
current value is restored. 

In a multiple-point recorder standardisation occurs 
synchronously with the changing from point to point, so 
that the balancing and recording of each point is unaffected. 
When more than three points are to be measured the 
recording element becomes a printing device, which, like 
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FiG. 5—-DIAGRAM OF SINGLE - POINT TEMPERATURE 
RECORDER 


the selector switch, is moved intermittently after each 
point has been recorded. No time is lost in switching and 
the time for stabilising on each point can be chosen to suit 
the requirements of the user. 

When the temperature range is suitable a Wheatstone 
bridge circuit and resistance thermometer primary 
elements can be used. An arrangement embodying a 
double slidewise enables a ratio of 1-1 to be maintained 
and prevents any change of resistance in the primary 
element leads affecting the accuracy of the instrument. 
Another device incorporating an extra switch on a multi- 
point resistance thermometer recorder enables the effect 
of inaccuracy due to varying contact to be eliminated. 
In the case of the instrument used for the measurement of 
conductivity suitable for both acid baths and boiler con- 


Fic. 4—INTERIOR OF RECORDER 


gives on the instrument a resultant ratio reading of correct 
concentration to actual concentration. As both cells are 
placed in the solution and are both subjected to the actual 
temperature, automatic temperature compensation 
effected. 

The pressure type conductivity cell (Fig. 6) will with- 


is 

















FIG. 6—PRESSURE TYPE CONDUCTIVITY CELL 


stand a pressure of 200 1b. per square inch, and can be 
connected directly in a pipe line, such as a condensate or 
feed line in which conductivity measurement is required. 
The cell can be removed from the line whilst it is under 
pressure, the cell being passed through a 1}in. valve which 
permits of its withdrawal without releasing water. Tem- 








the control and measurement of pH, for gas analysis 
measurement or CO, measurement. When recording or 
controlling pH the potentiometric principle is used, and 
when clamped by the scissor mechanism the galvanometer 
needle forms the primary part of the motor-driven relay 
in the manner described. Indifference to line resistance, 
automatic current standardising, and temperature com- 
pensation are also standard features of the pH instrument. 

Several types of primary elements are available. In 
most cases an antimony-calomel type of primary element 
(Fig. 7) for tank mounting can be used, but a flow channel 
assembly is available for use where variation of level or 
some other feature makes the former impracticable. In 
some cases a glass electrode assembly is necessary, but 
whatever type of primary element is employed the instru- 
ment itself is identical. The case for pH measurement 
and control has been thoroughly established in waterworks 
and sewage works practice, in power stations, in sugar 
refining, and other industries, and this new instrument is 
expected to meet a long-felt want. 

Controllers to suit particular process conditions are 
available and the simplest type is shown diagrammatically 
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FiG. 8—-DIAGRAM OF SINGLE-POINT CONTROLLER 


|in Fig. 8. A cam 11 mounted on the shaft 6 which corre- 
| sponds with that shown in Fig. 5, causes the position of the 
} contact 12 to be moved corresponding to the conditions 
being measured. A smaller cam’‘13 operated by a hand-set 
dial 14 from the front of the instrument allows the “‘ high ”’ 
or “low ’’ contact to be raised or lowered so as to vary the 
control setting, whilst a screw 17 adjusts the gap between 
these contacts and so varies the contact zone. An inter 
ruption switch 18 mounted at the side of the controller is 
operated by a cam mounted on a subsidiary shaft, and 
the switch can be adjusted so as to interrupt the control 
signal periodically, and thus vary the sensitivity of control 
or the rate of valve travel. The signal is passed on through 
relays to a compact motor-driven gear-box unit, equipped 
with limit switches capable of being set for any valve 
position and with provision for manual operation. When 
the conditions warrant the use of a more complicated form 
of controller, a proportional type of electrical or air- 
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FiG. 7—-ANTIMONY CALOMEL PH. ELECTRODE 


perature compensation is provided for on the instrument. 
As it is necessary to use A.C. with conductivity 
measuring instruments, the galvanometer has an A.C. 
field magnet instead of a permanent magnet, but 
otherwise the instrument is almost identical to those 
used for other purposes. The Multelec instrument 





densate a Wheatstone bridge circuit is fed with A.C. 
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| operated mechanism is supplied. 








New Experimental Tube Trains for 
the L.P.T.B. 


In order to ascertain the most satisfactory type of rolling 
stock to be used in connection with its recently announced 
programme of extension and improvement, the London 
Passenger Transport Board has ordered twenty-four new 
tube coaches of entirely new design. They will be made 
up into four complete six-car trains, and are being built 
by the Metropolitan Cammell Carriage and Wagon Com- 
pany, Ltd. The trains are of a purely experimental 
character, and the two main features governing their design 
were increased E geese accommodation and improved 
performance. To this end each train is composed of three 
two-car units, the first of which to be delivered is shown in 
our illustrations below. 

Each car has two traction motors, and the whole of the 
electrical equipment, together with the motors, has been 
accommodated under the car floor (see illustration), which 
is at the existing tube trailer car height from the rail level. 
This arrangement avoids the necessity of switch compart- 
ments, and allows all the floor space, with the exception 
of the driver’s cab, to be available for passengers. The 
acceleration has been raised to 2 m.p.h.p.s., and the braking 
rate to 3 m.p.h.p.s., and there are three speeds—full field 
running and two stages of field shunting. This range pro- 
vides efficient working over the dense central short sections, 


and makes the train equally suitable for running over the 


outer or open sections of the lines. The increased accele- 
ration has been achieved by motoring 50 per cent. of the 
axles, thus giving a greater adhesive weight, and intro- 
ducing a multi-notch system of traction control, which, 
by cutting out the starting resistance in small decrements, 
reduces current peaks and allows the accelerating current 
to be taken much nearer to the slipping point than 
hitherto. The braking system has been given special 
attention, as the mounting of the electrical equipment 





many applications. It may be employed for 











and auxiliary gear under the car floor made the usual 
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form of underframe brake rigging impossible. The West- 
inghouse Brake and Signal Company co-operated in 
producing an entirely new scheme of independent wheel 
braking, involving the use of eight air-operated brake 
cylinders mounted on each bogie, complete with auto- 
matic slack adjusters. The control of the brakes is electro- 
pneumatic, and the high rate of braking has been made 
possible by using an automatic retardation controller 
which keeps the deceleration practically constant over the 
whole speed range. This type of control allows increased 
brake cylinder pressures to be used at the commencement 
of braking when the coefficient of friction is lowest, and 
gives a gradual automatic release of pressure as the friction 
coefficient increases as the train is brought to a standstill. 

All the traction motors for the four trains will be 
manufactured by Crompton Parkinson, Ltd., and have 
been specially designed to go into the limited space avail- 
able. The motors are rated at 138 H.P., giving a total 
horse-power per train of 1650, as compared with 960 H.P. 
of an existing six-car train. The motors, which are 
mounted on the inside axle of each bogie, are fitted with 
Hoffmann roller bearings throughout. The traction con- 
trol is of special interest, being a distinct departure from 
standard practice. Crompton Parkinson, Lid., the 
General Electric Company, Ltd., the British Thomson- 
Houston Company, Ltd., and the Metropolitan-Vickers 


for the increased complication over the comparatively 
simple arrangement of the straight parallel system. 

A third scheme by the same firm uses a motor-driven 
camshaft for cutting out the motor resistances, the cam- 
operated contactors being arranged on either side. The 
remainder of this apparatus follows the same general 
principle as the two schemes just mentioned. 

The General Electric Company employs a resistance 
camshaft driven by a 50-volt Servo motor. It gives 
series, parallel, and field control, and makes three revolu- 
tions from the “‘ off” position to final weak field, a total 
of fifty-six notches. Series-parallel grouping and the 
change-over to weak field is carried out by two electro- 
pneumatically operated cam groups. Three electro- 
pneumatic contactors are also used, two of which are 
used as line switches, the third being used for transition. 
One feature of this control scheme is that acceleration is 
based on time, with an overriding current control which 
acts on the Servo motor field, slowing the resistance cam- 
shaft down if the main motor current increases above a 
predetermined maximum. 

The British Thomson-Houston 


Company has put 


forward the American P.C.M. system, which consists of 
a number of air-operated units controlled by magnet 
valves. By an arrangement of motor and resistance 
circuits, the camshaft controller is arranged to cut out 





of resistance sections and connections. The problem 
of driving the drum round slowly and stopping it accurately 
has been overcome, while the arrangement of drum 
development and resistance connections is such that a 
resistance finger never breaks circuit before it has already 
been short circuited by another finger. In this way the 
only arcing which occurs on the drum is due to the small 
spit when a finger makes contact, and special provision 
to deal with this has been introduced. Six electro- 
pneumatic unit switches are used, four as line switches, 
and two for transition, while the usual form of electro- 
pneumatic reverser is included. The following features 
are common to all traction equipments :—All the control 
is operated from a 50-volt supply, and so far as main 
power and control equipment are concerned, each car 
is separate and complete. The line switches are arranged 
to carry out all main current breaking, the resistance 
switches never being called upon to break under load. 
The bogies for the new trains are of all-welded construe- 
tion, fitted with 3lin. diameter wheel and extended 
bolsters adequately to control side oscillation. The 
wheel base is 6ft. 3in., unequally spaced about the centre 
line of the bolster, the outer axle being 3ft. 6in. from the 
centre line, while the inner axle is 2ft. 9in. Each bogie 
carries one traction motor mounted on the inside axle. 
This arrangement allows 58 per cent. of the available 
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FiG. 3—THE DRIVER'S CAB 


Electrical Company, Ltd., will each have a six-car train 
for demonstrating their interpretation of the multi-notch 
principle. 

Crompton Parkinson, Ltd., have put forward three 
schemes, one for each unit of a train. The first is a series- 
parallel arrangement, using two face plate controllers, 
one for each motor circuit, for cutting out the starting 
resistances, both face plates being driven by one 50-volt 
pilot motor. Each face plate has twenty segments arranged 
in @ circle and bridged by a slider arm which makes one 
revolution for each of the ‘ series,” ‘ parallel,” and 
* weak field ’’ positions, 7.e., a total of fifty-seven notches 
for the complete sequence. An_ electro-pneumatically 
operated camshaft contactor unit is provided to make 
the necessary, group connections to the main motor circuit. 
Interlock drums are provided on both the face plates and 
the cam group, which ensures correct sequencing. A 
double-pole line switch, together with pneumatic over- 
loads electrically tripped and set, are also included. 

For their second scheme, Crompton Parkinson, Ltd., 
have designed a straight parallel equipment. This also 
takes the form of a motor-operated face plate controller, 
but only one face plate is required. The traction motors 
operated by this system will be 600-volt connected per- 
manently in parallel. It is hoped that, with these two 
types of equipment, it will be possible to determine whether 
with the increased acceleration the saving in current con- 
sumption in the series-parallel scheme will compensate 








REVERSED 


resistance during series acceleration by rotating in one 
direction, and after transition from series to parallel 
reverses its direction to cut out the resistance again in 
returning to its “ off” position. The camshaft controller 
is driven by a pneumatic engine consisting of two cylinders, 
the pistons of which are connected together by a rack. 
Oil under pressure is used to drive the camshaft forward, 
and air pressure is used to return it to the “ off ’’ position. 
A star wheel is included in the mechanism, together with 
a pawl which is locked electrically by the accelerating 
relay and released under current control, thus enabling 
the camshaft to advance step by step. A series-parallel 
transfer switeh is provided, consisting of an electro- 
pneumatic switch with a single air cylinder operating 
three cam contactors, one of which is normally open, 
and the other two normally closed. The operation of 
three contacts by a single unit ensures a quick positive 
transition without the need for electrical or mechanical 
interlocking between separate transition contactors. 

The Metropolitan-Vickers Electrical Company has 
produced a scheme in which an oil-driven power drum 
is used for performing all resistance switching over a 
total of forty-five notches. The arranging of the different 
resistance values is unusual, as they are obtained by 
first cutting the major part of the resistance gradually 
out of the circuit, and then further reducing the values 
by a system of paralleling. In this way a large number 
of values is obtained, with a comparatively small number 











FiG. 2—STREAMLINED TRAIN 





FiG. 4—ViIEW SHOWING THE CONTROL EQUIPMENT 


weight of the car to be used for adhesion. All the 
mechanical parts of the brake, as previously mentioned, 
are carried on the bogies, with the exception of the triple 
valve and reservoirs. Various combinations of laminated 
and coil springs have been -provided, so that different 
theories can be tested in practice. 

The bodies are carried on welded underframes, the 
main longitudinals being constructed to form air ducts 
for use with experimental ventilation plants. Three 
of the trains—see illustration—are streamlined. The 
driver’s seat is placed in the centre of the cab—see illus- 
tration—with the master controller and braking controller 
placed on either side and operated by vertical handles. 
The seat can be turned over when the compartment, as 
shown in our illustration, is used by the guard. 

The outside of the cars present a flush appearance 
the main windows being brought out level with the 
car panels by using rebated glass. The length of the 
cars is 52ft. 5fin., and each has a seating accommoda- 
tion for forty passengers and two tip-up seats at the 
ends for use during rush hours. On two cars of the 
first train, fixed double windows are fitted, the normal 
type of ventilator being eliminated, and experimental 
systems of forced ventilation are installed which will 
maintain a continual supply of fresh filtered air. The 


air supply is thermostatically controlled, and during 
winter months on open sections of the line will be elec- 
Special 


trically heated from the 600-volt traction line. 
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gears and wheels with silencing devices have been intro- 
duced, and in some cases the interior of the car sheeting 
is sprayed with a noise-deadening composition. Auto- 
matic couplers of G. D. Peters and Co., ‘‘ Wedgelock” type 
are being provided at the outer ends of each two-car 
unit, while the inner ends are semi-permanently coupled 
together. 








Air Conditioning of Railway 
Carriages. 


EVER since its inception, railway travel has been 
associated with noise, smoke, dust, and extremes of 
temperature ; indeed, extremes of temperature have 
been looked upon as part of the traveller’s lot since 
coaching days. The smoke and noise came with steam 
traction, and although humanity has learned to take these 
discomforts, like so many others in modern life, as a 
part of the natural order of things, the presumption 
that a long train journey is fatiguing is very general, 











Fic. 1—VIEW INSIDE THE COACH 


and the existence of such ample accommodation for 
personal ablution at all large railway stations is evidence 
of the grime and dust collected by a railway passenger 
from the atmosphere in the course of even a short journey. 
That the grime and the noise can be avoided by keeping 
the windows shut is obvious, but the available space per 
passenger in a railway coach makes a continuous supply 
of fresh air a necessity, especially in view of the heat 
produced by proximity and by the exposure of the train 
to the sun for long periods. The walls and roof of a railway 
coach are thin, and weather conditions in consequence 
are more easily felt than in more heavily built structures, 
while the rapid change of climates through which the 











FiG. 2—VIEW OF THE GENERATOR DRIVE 


train passes accentuates this disadvantage. In fact, 
the condition of the atmosphere in which the railway 
passenger exists during his journey leaves much room for 
improvement. 

That such an improvement can be made was demon- 
strated by J. Stone and Co., Ltd., of Deptford, on two 
new first-class coaches specially built for the purpose 
by the Birmingham Railway Carriage and Wagon Com- 
pany, Ltd., of Smethwick. They are to the order of the 
Federated Malay States Railways, and built to the 
specification and requirements of the Chief Mechanical 
Engineer, Mr. A. W. 8S. Graeme, under the supervision 
and inspection of the Crown Agents for the Colonies. 
Each carriage consists of two large open saloons, having 
accommodation for twelve and eight passengers respec- 
tively; a small four-passenger compartment, and a 
lavatory. Entrance to the coach is through vestibules 


at either end. The construction of the body, which is 
shown in Fig. 1, is interesting, since the economy of 
operation of the air-conditioning equipment is largely 
dependent on the adequate insulation of the carriage 
walls, floor, and roof. ‘The floor is teak, and consists of 
a double layer of tongued and grooved boards, with 
cork insulation between. The insulation material for 
the floor and for the body generally is also cork. The 
| window system is interesting. Double glass panes are 
| fitted, both being normally fixed. The inner panes are 
fitted with budget locks so that they can be removed 
(for cleaning or in emergency when the air conditioning 
|is‘not in use. The outer panes are tinted Crookes glass, 
which neutralises the ultra-violet rays of the sun, and 








liquid, which is collected in the liquid receiver, thus com- 
pleting the cycle. 

On the car the arrangement is as follows :—Fresh air 
from outside is drawn in through louvres in the vestibule 
doors, and into cleaning filters of the viscous oil type, 
situated in a compartment in the vestibule ceiling. It 
then passes over the cooling coils of the evaporator, where 
a proportion of the moisture in the air condenses on the 
cold surface, and at the same time the temperature is 
reduced to the required level, according to the setting 
of the thermostatic control. The air is then drawn into 
twin centrifugal fans, forced through ducts situated in the 
double roof, and passes into the compartments through 
grilles which give even distribution without draughts 








several of them are arranged to hinge inwards in 
emergency. 

The electric light equipment, supplied from the air-con- 
ditioning generating system, was also provided by J. Stone 
and Co., Ltd. Standard 24-volt railway bulbs are used, 
but the coaches are wired on the three-wire system off 
the 48-volt, 520-ampere-hour Stone battery provided for 
this purpose and. for the air-conditioning apparatus. 
The generator necessary to maintain the charge to such 
a large battery is of the ‘‘Tonum” type, designed to 
provide a charge over a particularly wide range of speed. 
It is driven from the axle by a belt and propeller shaft 
drive, illustrated in Fig. 2. 

The air-conditioning apparatus operates off this generat - 
ing equipment, and is designed to provide an ample 
supply of fresh air, free from dust, for twenty-four 
passengers, and to maintain automatically the correct 
temperature and degree of humidity inside the com- 
partments without draughts at all seasons of the year 
in Malaya, a country where the humidity of the atmosphere 
is more unpleasant than the actual heat. The refrigerating 
unit and the evaporator operate on the normal com- 
pression system, using “ Freon’”’ (dichlorodifluorome- 
thane) as the refrigerant, which is non-toxic, non-irritant, 
and non-inflammable. About 201b. of this liquid are 
used per car. The Freon is circulated through a closed 
circuit by a compressor, and passes from the liquid 
receiver through a small orifice in the expansion valve, 
and then to the evaporator coil. Since the evaporator 
coil is connected to the suction side of the compressor, 
there is a reduced pressure in the evaporator, and liquid 











Fic. 4—THE CONTROL PANEL 


Freon passing into it vaporises into a gas, absorbing 
heat from the air passing over the coils. The gas is drawn 
into the compressor and compressed, with temperature 
rise. The hot compressed gas then passes into the con- 
denser coils, where the heat extracted from the air in the 
car, plus the work converted into heat during compression, 
is transferred to a continuous stream of atmospheric 
air, which is passed over the condenser coils by a fan. 
The compression of the gas causes it to condense into a 
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FiG. 3—THE COMPRESSOR AND FREON COOLING RADIATOR 


throughout the vehicle. A portion of the air escapes to 
atmosphere, owing to the slight pressure inside the car 
produced by the centrifugal fans, and the remainder 
returns through grilles in the partitions at floor level to 
the vestibule end, and up to the roof behind the control 
panel, to be recirculated. 

The fans for circulating and for cooling are operated 
from the lighting battery as is the compressor. In addi- 
tion, a 400-volt, three-phase, 50-cycle motor is provided 
to operate the compressor and fans when the car is 
standing in stations. The air conditioning and cooling 
of the car can thus be carried out before the passengers 
enter the car. “ 

Fig. 3 shows the compressor unit, the expansion valve, 
and the fans used in conjunction with the liquid cooler 
and for cooling the motor. To the right is shown one of 
the brake cylinders and to the left is the plug to connect 
the 400-volt current to the precooling motor. The instal- 
lation has been carried out without encroaching to any 
extent on the passenger accommodation. The air-con- 
ditioning unit with the evaporator and the ducting are 
situated in the roof, the control switchgear, as shown in 
Fig. 4, in a cupboard in the vestibule, and all the rest of 
the apparatus is suitably disposed on- the underframe, 
as shown in Fig. 3. The control panel is divided into two 
distinct sections. The master control switches operated 
by the attendant for starting the equipment and for 
temperature control are mounted together in the upper 
section, and exposed to view through a glass window in the 
cupboard. The contactor switches, fuses, terminals, &c., 
are mounted in the lower section and are fully accessible 
when the cupboard door is open. The refrigerating unit, 
mounted on the underframe, contains a twin-cylinder 
vertical single-acting compressor, driven by an electric 
motor, the condenser with fans for directing the air through 
the coils, and the liquid receiver. The precooling motor ix 
mounted alongside, and is connected to the compressor 
by a propeller shaft with universal joints. The air- 
conditioning unit, situated above the vestibule ceiling, 
contains the evaporator, the two centrifugal fans driven 
by an electric motor, the expansion valve, and the viscous 
oil air filters. 

Tests carried out in a painting cubicle in the Smeth- 
wick works of the Birmingham Carriage and Wagon Com- 
pany, Ltd., consisted in raising the cubicle tempera- 
ture by admitting steam from an open pipe, which also 
raised the humidity considerably. The interior of the 
car was meanwhile kept at a normal temperature and 
dryness by means of the apparatus run alternately off 
the 400-volt supply and off the battery. The condition of 
the car was as pleasant as though the atmosphere were 
thoroughly normal outside. A notable feature was the 
absence of noise within the car and the clear atmosphere 
provided. 








BritisH INpustries Fatr.—The Department of Over- 
seas Trade has been notified by Earls Court, Ltd., that, 
owing to unforeseen circumstances, the new Exhibition 
buildings now in course of construction at Earls Court 
will not be completed in time to permit them to be utilised 
for certain sections of the British Industries Fair of 1937, 
to be held from February 15th to 26th next. The Depart- 
ment of Overseas Trade announces therefore that the 
London Sections of the Fair will be held at Olympia and 
the White City, as in the case of the Fair of 1936. The 
Engineering and Hardware Section of the Fair will, as 
usual, be held simultaneously at Castle Bromwich, Bir- 
mingham. 

ENGINEERS’ GERMAN Crrc“LeE.—There was a_ large 
attendance at the second meeting of the Engineers’ 
German Circle on Monday, November 16th, at the Insti- 
tution of Mechanical Engineers, when Dr.-Ing. Kurt 
Klopstock gave a paper on “ The Elimination of Noise 
and Vibration in the Design of Machinery.” The lecturer 
dealt with the definition and measurement of sound 
volume, and the range of sound important to engineers. 
He illustrated the design and application of insulation, 
and outlined the main problems of oscillation damping. 
Typical installations for machinery and for engineering 
structures were described and illustrated. There was a 
good discussion, after which an informal dinner took place 
at Schmidts Restaurant. 
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The Avonmouth Superphosphate Plant. 


N Thursday, November 12th, the new _ super- 

phosphate factory of National Fertilisers, Ltd., was 
opened by Sir Robert Horne at Avonmouth. At the 
luncheon which preceded the ceremony Sir Robert Horne 
drew attention to the assistance given by the Bristol Port 
Authority to the new factory and dwelt. on the general 
benefit to the country to be derived from the new enter- 
prise. Already, he said, the construction 2ad equipment 
of the works had been of great assistance to the unemploy- 
ment problem, in that about 110 contractors had been 
engaged on the work. The plant was, he pointed out, one 
which could be favourably compared for modern equip- 
ment and design with similar plants anywhere in the world. 
The Chairman of the Bristol Port Authority, Alderman 
EK. M. Dyer, explained that the Authority had given every 





FIG. 1—PHOSPHATE STORE DURING ERECTION 


possible assistance to the company, and he expected that 
before long an extension of the dock would be necessary 
and would provide still cheaper handling. The importance 
of the company’s product to agriculture was emphasised 
by Mr. A. W. Ling, agricultural adviser to Bristol Uni- 
versity, who pointed out the importance of an abundant 
cheap supply of artificial fertiliser to the farmer in this 
country. 

The production of water soluble phosphates or “ super- 
phosphate ” suitable for agricultural use is carried out 
by dissolving finely ground phosphate rock in sulphuric 
acid. Phosphate rock is a natural product imported 
mainly from North Africa. It is discharged in the Avon 
Docks, which are adjacent to the new works, by means of 
cranes along the quays, which empty their loads into 
mobile hoppers. The hoppers again discharge auto- 
matically into buckets designed for use on a ropeway, but 
they are mounted on small trucks operated on a ground 
cable haulage system at the docks. The trucks convey 
the buckets between the mobile hoppers and the transfer 
station of the ropeway, where they are automatically con- 
nected to the conveyor system, which has an operating 
length of over two miles and has been designed to trans- 
port 1500 tons per eight-hour day. The ropeway discharge 
station at the factory itself is connected to the phosphate 
store by means of a belt conveyor having a capacity of 
1600 tons per eight-hour shift, and some 500ft. long. A 
mechanical throw-off carriage can be adjusted to any part 
of the store so that the phosphate can be distributed 
evenly over the available space. Fig. 1 is a view of the 
phosphate store during erection and is an interesting 
example of modern building design. The store has a 
length of 300ft. and a span of 114ft. Its capacity is 
20,000 tons of rock phosphate, which has already been 
reduced to a “sam ’’ before shipment. The first process 
in the actual manufacture, however, is the grinding of this 
material to the necessary fineness. 

The phosphate for grinding is collected as required by 
means of an electrically operated scraper shovel having a 
capacity of 45 tons per hour, which discharges the neces- 
sary quantity into a hopper situated beneath the store, 
whence it is transported by the main conveyor to the 
grinding plant. The raw material having been carefully 
ground and screened is delivered to three cylindrical 
rotary digesters. These vessels, shown in Fig. 2, are 
homogeneously lead lined and each has a weight in working 
order of about 60 tons. The capacity of each is about 
25,000 tons per annum. The rock phosphate and the 
sulphuric acid required for each charge are fed into the 
digester through special valves vid an automatic weighing 
installation. During the digesting process the mixture is 
maintained at an even temperature by steam jacketing, 
for which purpose about 8,250,0001b. of steam are 
required annually. 

The finished product, superphosphate, is stored in a 
building having a capacity of 29,000 tons. It is 300ft. 
long, 100ft. wide, and has been built on 734 reinforced 
concrete piles extending downwards for 70ft. Along the 
east side of the store is a covered loading platform adjacent 
to the works railway siding, while at the north end is a 
similar platform for the use of lorries. An overhead 
electric grab crane has been installed within the store 
and provision has been made for two towers to house 
mixing, grinding, screening, and bagging plants with a 
capacity of 30 tons per hour. 

The sulphuric acid required for the process is supplied 
by the National Smelting Company, Ltd., a subsidiary of 
the Imperial Smelting Corporation, Ltd., which has an 
extensive acid plant in the zinc smelting factory adjacent 


pipe lines between the two works and its temperature and 
strength are controlled at the delivery end. 

It may be recorded that 20,000 tons of concrete were 
used and piles having a total length of 16 miles were 
necessary for the foundations. The buildings have an 
internal volume of 4,000,000 cubic feet and 200,000 square 
feet of sheeting and glass were used, as well as some 1400 
tons of steel work. A total electrical horse-power of 1200 
has been installed and over 2,000,000 units per annum 
are used. Conveyor belts with a total length of 2700ft. 
have been erected. The process in use was established by 
Fison, Packard and Prentice, Ltd., at their Ipswich works. 
This firm has combined its fertiliser interests in the West 








to the new factory. The acid is delivered by means of 





of England with the Imperial Smelting Corporation, Ltd., 
in National Fertilisers, Ltd., the proprietors of the new 


factory. Mr. A. E. Higgs, chief engineer of the National 
Smelting Company, Ltd., supervised the planning and 
erection of the plant. 








SIXTY YEARS AGO. 





FoLLowinc the accession to office of the Disraeli 
Government in 1874, ‘‘ an almost unparalleled series of 
disasters *’ befel the British Navy. The “Iron Duke” 
collided in a fog with, and sank, the “ Vanguard ”’; there 
was a disastrous boiler explosion in the ‘‘ Thunderer ”’ ; a 
stop valve exploded in the “ Hydra”; a compressed air 
chamber blew up in the “‘ Vesuvius,”’ and the engines of 
the “Shah” failed to work satisfactorily in service. 
Certain organs of the daily Press attributed these mishaps 
to the malign influence of a Conservative Government. 
In our issue of November 24th, 1876, we did not trouble to 
controvert this ridiculous assertion but passed straight to 
the real cause, inefficient machinery and laxity of control. 
In past years, we said, the engine-rooms of warships were 
not unduly cramped and the engines were designed with 
liberal proportions. When Mr. E. J. Reed became Chief 
Constructor conditions: changed. He introduced ships 
short in length and great in beam, which of necessity 
demanded increased power for their propulsion. The 
marine engineers of the country responded but with each 
new ship they found that they were being allowed less 
and less room for their engines and boilers. Cramped for 
space they were forced to resort to expedients which 
militated against the attainment of trustworthiness. As 
a result, we stated, a successful trial trip had become a 
rare event. We warned the Chief Constructor—Mr. 
Barnaby by that date—that unless he paid attention to 
the advice of the engineers who supplied him with his 
engines the failures and disasters would continue. A 
second factor contributing in our view to the mishaps was 
the custom of transferring engineers and engine-room 
staff from one ship to another and sending them to sea 
without the slightest opportunity of studying the idiosyn- 
crasies of the machinery placed in their charge. We gave 
examples to show that marine engines had their individual 
peculiarities and that each required special attention for 
its successful operation. No doubt admirable reasons 
could be advanced why each ship should not have a 
permanent chief and second engineer appointed to her but 
there was, we said, really no more difficulty in such a 
scheme than in appointing a permanent man as manager 
of a blast-furnace. A third cause of trouble lay in the fact 
that there was at that date no Engineer-in-Chief of the 
British Navy. There was an engineer-in-chief at each of 
the principal ports but no harmony existed between them. 
So marked was the disagreement between those autho- 
rities that what was right at Chatham was all wrong at 
Portsmuuth. At one dockyard for example contractors 
would be informed that all feed pipes were, to be fitted so 
as to be visible throughout their length while at another 
they would be told that they were to be hidden beneath 
the floor plates. Ludicrous instances were known in which 
pipes fitted one way had been refitted later the other way. 
An illuminating instance of the effects of the lack of con- 
trol was revealed in a recently published parliamentary 
paper concerning the “‘ Vanguard.” At the court-martial 
which followed her loss it was disclosed that ventilating 
holes had been cut in her water-tight bulkheads. Neither 
Mr. Barnaby nor the Admiral Superintendent at Devon- 





port knew anything about these holes. They had been 


made at the order of the chief engineer at that dockyard 
for ventilation purposes following a gas explosion in the 


bunkers of the ‘‘ Devastation.” Fifteen ships all told 
had had their bulkheads rendered incapable in a similar 
manner of fulfilling their primary function. The Admiralty 
expressed its disapproval of this procedure in severe terms 
and ordered the holes to be stopped up. 








A Grid-Controlled 20-kV Rectifier. 


As gas-filled rectifying valves have a much lower 
nternal resistance than high vacuum valves, and 
consequently a higher efficiency, they are suitable for 
rectifying much higher powers. It is well known that 
these valves have been provided with a grid which enables 
the ignition voltage to be regulated within very wide 
limits with very small power consumption, since the grid 
voltage and current are low. By means of these relay 








FiG. 2—ROTARY PHOSPHATE DIGESTERS 


valves the continuous voltage provided can be regulated 
in a simple manner. 

A description is given by Messrs. J. G. W. Mulder and 
H. L. Van Der Horst, in Philips’ Technical Review, of a 
rectifying unit (Fig. 3) which feeds the oscillating 
valve of a high-frequency furnace. The rectifier, 
shown on the left, is a 20-kV, 18-ampere unit. On 
the right are two high-tension transformers supplying the 
anode voltage. By adjusting a phase regulator the D.C. 
voltage can be reduced from 20 kV to any desired lower 
value. From Fig. 1 it will be perceived that the equipment 
is made up of two similar parts, each of which provides 
half the voltage, and they can also be used separately. 
Each unit is connected to a transformer T, T, and each has 
six rectifying valves, which give six-phase rectification 
on a special circuit, the current in each phase passing 
through a pair of valves in series.. The transformer 
primaries, fed at 380 volts, are connected in delta and the 
secondaries in star and give 7400 volts between the ends 














































































































“THE ENGINEER” 


Fic. 1—RECTIFIER CONNECTIONS 


and neutral.’ The circuits of both units are identical 
although the secondaries have different voltages to earth, 
giving the advantage that only one transformer of half 
the capacity of the whole unit serves as @ spare. 

The pulsating D.C. charges the 24F condenser C, 
which at the same time is discharged through the oscillating 
valve Z connected in parallel. The anode current of this 
valve also passes through the 100 millihenry choke coil L,, 
which protects the rectifier against the. high-frequency 
A.C. of approximately 7000 cycles generated by this 
valve. The large choke coil L, of 1 henry smooths the 
cutrent which charges the condenser C and also the D.C, 
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potential applied to the valve Z. A resistance R of 
50 ohms in series with L, limits the anode current in the 
event of transient irregularities. Each of the rectifying 
valves B,—B,, can supply a mean D.C. of 6 amperes and 
the whole unit can carry a load of 18 amperes. 
In the case of the valves B; and B, the transformers are 
shown for heating the cathode and for the supply of the 
A.C. control voltage to the grids. Phase shifters shown, 
at F, and F,, consist of a stator and rotor adjustable by 
worm gear. The rotating field generated by the stator 
intersects the rotor winding earlier or later according to 
the position of the rotor in respect to the stator. By 
altering the position of the rotor the phase displacement of 
the rotor voltage can thus be changed. Both the stator 
and rotor are wound three-phase, and the grids of the 
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FIG. 2—DETAILS OF VALVE 


rectifying valves are connected to the rotor so that the 
grid voltage on all the valves has the same d'‘splacement 
against the corresponding anode voltage. 

Details of the rectifying valves are given in Fig. 2. 
Two glass bulbs A and B are fused to the narrow chrome- 
iron ring C. The top bulb contains the anode D and the 
lower bulb the indirectly heated cathode E. The lower 
bulb terminates in a cylindrical neck F containing mercury, 
the vapour pressure of which in the cold state is a few 
thousandths of a millimetre. The ring C serves as a control 
grid, its potential differing from that of the cathode by 
not more than a few hundred volts. 

Another function of this ring is to increase the back- 
firing voltage of the valve. For this purpose a funnel- 
shaped extension G is provided, which is shaped to con- 
form with the conical anode D. The distance between the 


and is practically independent of the current intensity. 
If the grid voltage is reduced below 18 the ignition voltage 
will rise abruptly to more than 10,000, and with the avail- 
able transformer voltage ignition is no longer obtained, 
although when ignition has once occurred it cannot be 
extinguished by merely reducing the control voltage. 

The phase displacement of the grid voltage V, with 
respect to the anode voltage V, determines the moment 
of ignition in each positive phase of V, and hence the 
average value of the output voltage of the cycle, this being 
due to the fact that ignition is only obtained when the 
grid voltage exceeds a certain critical value of about 
18 volts. 

In Fig. 4 V, is the anode voltage, V, the A.C. grid 





The rectifying valves which are not water cooled must 
be protected against the application of anode voltage 
before the cathode has reached the operating temperature, 
and for this purpose a slow-acting relay is connected in 
parallel with the heating transformers. The main switch 
can, only be closed after this relay has been under tension 
for six minutes, although in cold situations it is advisable 
to extend this time to ten or fifteen minutes. While after 
six minutes the cathode may have become sufficiently 
heated, the vapour pressure is still very low, resulting in 
a high are voltage, which might adversely affect the 
cathode, and it is therefore desirable to wait before switch- 
ing on the anode voltage until the whole bulb and the 
mercury in the neck at the bottom has become sufficiently 
































hase from w t= onwards. 
(2) a,=2/3. Current passes from @t=2/3+@ onwards. 
(3) ag3=22/3. Current passes from @t=22/3+@ onwards. 


voltage, V, the critical grid voltage, and « the phase lag 
of the grid voltage with respect to anode voltage. In the 
case (1) V, and V, are in phase and the discharge is 
obtained when V, exceeds the critical value w@t=g. To 
fix satisfactorily the moment of ignition with small 
fluctuations of V, the A.C. grid voltage should be several 
times greater than the critical voltage (e.g., 100 volts). 
As indicated in the shading of the diagram Fig. 4, the 
current passes during the greater part of the positive phase 
of the anode voltage. As the phase retardation increases 
(a, = 2/3 a,=2 2/3) the portion of the period during 
which current passes is reduced. If Vg and V, are in 
counter phase («,=2) no current flows. If the phase 
retardation is further increased then at «= 2+ y the current 
suddenly begins to pass with its maximum value and con- 
tinues to flow during the whole positive half of the cycle 
of the anode voltage, although the grid voltage has in the 





meantime dropped below the critical value and even 





FiG. 3—GENERAL VIEW OF 20-KV 18-AMPERE RECTIFIER 


funnel and anode is roughly the same at all points, and the 
optimum distance to obtain a high back-firing voltage is 
fairly critical, for in the negative phase practically the 
whole reverse voltage is applied across the funnel and the 
anode. If this distance is too large, back-firing may 
occur, since the electrons in the gas space are given every 
opportunity to ionise, while with too small a distance the 
field strength and hence the danger of electronic emission 
from the anode are considerably enhanced. To avoid 
excessive heating of the ring C when the valve is working 
on full load the width of the ring had to be made larger 
than appeared desirable to suppress back-firing, and it was 
found ‘advantageous to subdivide the aperture by par- 
titions, as shown on the right of Fig. 2. 

At 6 amperes the voltage drop in the valves is about 16 





become zero. When ionisation has taken place the grid is 
inactive. In Fig. 5 the average D.C. potential V, pro- 
vided by a single valve is plotted as a function of the phase 
retardation «, the points 1 to 6 corresponding to the cases 
represented in Fig. 4. 

The operation of the equipment has been considerably 
simplified by the adoption of suitable safety precautions 
and by the provision of automatic auxiliary equipment 
which also protects the transformers, rectifying valves, and 
oscillating valve against overloads which might result if 
the switches are operated in the incorrect order. Protection 
of the high-tension transformers against overloads is 
afforded by the adjustable maximum current relays r 1, 
r4 (Fig. 1), which trip the main switch if an excessive 
load occurs. . 
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(1) «4,=0. Current passes almost during the whole positive (4) x4=2. Grid voltage in opposing phase. No current 


passes. 
(5) ag=4 2/3. Current passes throughout the positive 
(6) ag=5 2/3. phase. 


FiG. 4—IGNITION SEQUENCE 


heated to raise the vapour pressure of the mercury to the 
value required. 

The oscillating valve is protected against overloads 
by means of a ‘water lock,’ which prevents the 
heating current or the anode current being applied 
if the flow of cooling water is inadequate. More- 
over, the heating current can only be switched on 
when the regulating device is adjusted to the minimum 
voltage and the anode is protected in a similar way. The 
anode is also protected against overloads which might 
occur if the anode voltage is applied before the valve can 
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FIG. 5—-AVERAGE D.C. POTENTIAL 


oscillate, as in the case of the electrical connection with 
the furnace being broken, which occurs when the furnace 
is tilted from its vertical position for casting. 








CATALOGUES.» 





Moss Gear Company, Ltd., Tyburn, Birmingham.—Leaflet 
No. 66 of geared motor units. 

Hersert Morris, Ltd., Loughborough.—A folder on the 
firm’s new elevating trucks and goods stackers. 

Murray AND Parrerson, Ltd., Coatbridge.—Publication 
G 1-36 on the “‘ Bonn” patent tube-bending machine. 

INTERNATIONAL Combustion, Ltd., Aldwych House, W.C.2.— 
A revised catalogue on “Hummer” electric vibrating screens. 

Frets-Vickers STainLeEss STEELS, Ltd., Sheffield, 9.—A book 
on the production and uses of rust, acid, and heat-resisting steel 
castings. 

Parsons Om Enoing Company, Ltd., Southampton.—lIllus- 
trated catalogue of the firm’s ‘‘ K ’’ series of high-speed marine 
engines. 

Lamson Paracon Suppty Company, Ltd., 28, Kingsway, 
W.C.2.—The firm’s golden jubilee book, showing its progress 
during the past fifty years. 

ALLEN West anv Co., Ltd., Brighton, 7.—A brochure illus- 
trating and describing the firm’s electric motor control gear 
on R.M.S. ‘‘ Queen Mary.” 

Dorr, Ottver Company, Ltd., Abford House, Wilton-road, 
S.W.1.—A brochure, ‘‘ Mechanical Equipment for Sewage Dis- 
posal and Water Treatment.” 

British ALumintum Company, Ltd., Adelaide House, King 
William-street, E.C.4.—‘‘ Aluminium in Motor Car Design” 
and ‘‘ Aluminium Finishing Processes.” 

P. anp B. Enotneerrnc Company, Ltd., Tamworth-lane 
Works, Mitcham, Surrey.—Pamphlets on _ long-scale load 
indicators and “ Easifix” current transformers. 

Exxecrric CONTROLLER AND MANUFACTURING COMPANY, 
2700, East 70th-street, Cleveland, Ohio, U.S.A.—A booklet 





entitled ‘‘ Theory and Application of Resistance Welding.” 


sare 


























Suppleme ‘to @bhe Engineer, November 20, 1936. 


MUNITIONS OF WAR 


From the pictures of the works of Hadfields, Ltd.. painted by Mr. Herbert J. Finn during the Great War. 


a: & 
= of 


CASTING STEEL FOR HIGH : oe SHELLS 


OPEN HEARTH FURNACE SHOP 





Supplement to The Engineer, November 20, 1936. 


MUNITIONS OF WAR 


From the pictures of the works of Hadfields, Ltd., painted by Mr. Herbert J. Finn during the Great War. 


ELECTRIC ARC , FURNACES 
THE PRODUCTION OF 6-INCH PROJECTILES 





























Nov. 20, 1936 


THE ENGINEER 











Markets, 


The prices quoted herein relate to bulk quantities. 


f.o.b. steamer. 


Steel Sheet Prices Advanced. 


A further advance has been notified in the 
price of British and Continental steel sheets following 
the meeting of the International Sheet Cartel in London 
on November 12th. The export quotation for black sheets 
was increased from £10 10s. to £10 15s. basis, excepting for 
South Africa, for which destination it was left unchanged 
at £10 5s. The general export price of Continental 
sheets was raised at the same time by 5s. to £10 10s. 
At the same meeting the official quotations for galvanised 
sheets was also advanced 5s., making the British general 
export price £12 15s. f.o.b. For other markets the prices 
are as follows :—-Rhodesia, £12 17s. 6d.; the Union of 
South Africa, £12 10s., plus 3 per cent. on invoice value ; 
Sweden, £11 2s. 6d.; the Irish Free State, £14; Australia, 
£12 17s. 6d. Uruguay is a free market, whilst the Oriental 
Steel Company, the selling organisation of the galvanised 
sheet makers for the Indian market, fixes prices for that 
destination. Quotations for sheets have been advanced 
very rapidly this year, the last rise of 10s. having 
been made on September 30th. The increases made last 
week apply only to the export trade, and the last occasion 
when prices were raised for the home trade was in July, 
when they were advanced from £11 10s. to £12 d/d for 
24-G., basis. As an indication of the way in which these 
quotations have appreciated, rather less than a year ago 
the price was £11 5s. basis d/d for the home trade, and 
£9 10s. f.o.b. for export. The prices of Continental steel 
plates for export were also advanced last week by 2s. 6d. 
paper for a number of markets. 


Iron and Steel Exports. 


The total exports of “ iron and steel and manu- 
factures thereof” in October, according to the Board 
of Trade Returns, showed an increase of 11,337 tons, the 
figures being 194,360 tons compared with 183,023 tons 
in September. For the first ten months of this year the 
exports have amounted to 1,807,988, against 1,826,733 
tons for the same period of 1934, the year upon which 
the British export quota is based. The exports of pig 
iron in October showed little change from the previous 
month, the figures being 9128 tons and 9013 tons respec- 
tively. There was, however, a drop in the quantity of 
ferro-alloys sent abroad from 1824 tons in September 
to 716 tons in October. In the case of general descriptions 
of iron and steel the total for October was 15,943 tons, 
compared with 14,593 tons in September. India took 
the largest quantity last month, 2562 tons, South Africa 
coming next with 2215 tons. Exports of girders, beams, 
joists, and pillars rose from 2093 tons in September to 
2877 tons in October, whilst a substantial rise took place 
in the exports of hoops from 3610 tons to 4852 tons last 
month. A decline occurred in the exports of plates and 
sheets fin. thick and over from 13,432 tons in September 
to 11,089 tons in October. Last month the largest buyer 
was India with 1178 tons, the exports to Canada totalling 
350 tons. On the other hand, there was an increase in 
the exports of plates and sheets under }in. thick from 
11,000 tons in September to 12,079 tons in October. 
The Argentine Republic took the largest quantity in 
October, 4448 tons, Canada coming next with 1572 
tons. There was also an increase in the exports of 
galvanised sheets from 18,999 tons to 20,516 tons, whilst 
a slight rise took place in October in the exports of tin- 
plates, from 32,617 tons to 33,813 tons. There was a 
substantial increase in the exports of railway material, 
which totalled 7243 tons in September to 13,408 tons in 


October. Of the latter total ‘steel rails accounted for 
7492 tons, and sleepers, fish-plates, and sole-plates for 


1617 tons. The largest buyer last month was South Africa, 
who took 22,442 tons, India coming next with 18,145 
tons, and Australia third with 16,000 tons. New Zealand 
took 13,834 tons and Canada 12,008 tons. Denmark 
headed the list of foreign countries with 7336 tons, Sweden 
took 5180 tons, and Norway 4097. 


A Decline in Imports. 


A heavy decline was shown in the figures relating 
to iron and steel imports in October to 101,032 tons 
from 165,337 tons in September. The imports of pig iron 
fell from 59,437 tons to 23,473 tons, the quantities arriving 
from British India being practically halved at 22,107 
tons in September and 11,777 tons in October. The 
imports of ferro-alloys, however, remained fairly steady 
at 5430 tons in September and 5983 tons last month. 
There was a noticeable decline in the imports of blooms, 
billets and slabs from 29,340 tons to 15,883 tons in 
October. The largest supplier last month was France 
with 5014 tons, Belgium coming next with 2453 tons, 
whilst British countries, unspecified, contributed 7890 
tons. The quantities of sheet bars arriving in this country, 
however, declined from 4200 tons to 3506 tons in October, 
the only suppliers being Belgium with 3300 tons and 
Germany with 206 tons. There were no imports in 
October either from France or Luxemburg. The total 
of wire rods imported dropped from 10,030 tons to 4371 
tons. There was a sharp decline in the imports of girders, 
beams, joists, and pillars, from 10,112 tons to 6618 tons, 
the largest tonnage coming from France with 4068 tons, 
Belgium being next with 1225 tons. The quantity of 
hoop and strip imported also dropped, from 5925 tons to 
4403 tons. The imports of railway material increased 
slightly on the September total of 2419 tons to 2889 tons 
last month. The largest supplier of iron and steel to this 
country in October was again Belgium, who sent 25,306 
tons. The next largest exporter was France with 15,409 
tons, India coming third with 11,786 tons, and Canada 
next with 11,057 tons. Imports from Sweden reached 
8069 tons, from Germany 6775 tons, and from Norway 


The Pig Iron Market. 


No relief has been experienced by consumers 
from the tight conditions which have ruled in the foundry 
iron market for many weeks. If anything, the position 
is becoming worse, since the requirements of the industries 
using this class of iron are expanding, whilst production 
shows little signs of increasing, the output in September 
being 108,100 tons and in October 113,200 tons. On the 
North-East Coast the position is more stringent than in 
any other district, as there is only one furnace producing 
foundry iron. The makers, however, claim that by con- 
centrating upon supplying local consumers they are at 
least providing the minimum of their customers’ needs ; 
but very little iron is being sent to users in other districts. 
The shortage of No. 3 Cleveland is particularly severe, 
and many firms have to accept other descriptions of iron 
which in normal conditions they would not look at. 
Consumers find the position very irritating, since there 
seems no likelihood that the production of No. 3 
foundry iron will be increased until the outlook regarding 
ore and fuel becomes more assured. Imports of foreign 
ore into the Middlesbrough district have been well main- 
tained, but nervousness is felt regarding the future, 
although the ironmasters state that they are seeking fresh 
sources of supply. Consumers of Midland irons are not 
so badly off as those requiring Cleveland brands, but 
there is a heavy demand from the light castings foundries 
and the call from the engineering industries seems to be 
steadily growing. Supplies of Northamptonshire iron 
are restricted, and the policy of the producers is directed 
towards discouraging fresh business, their present bookings 
being sufficient to absorb the greater part of their output 
well into next year. Business in Derbyshire iron is 
arranged much more freely, and lately there have been 
bookings over the whole of the first half of 1937. So far 
supplies of Derbyshire pig iron have not been rationed, 
and some of this iron has been taken by users who 
generally confine their purchases to Northamptonshire 
brands. The tightness in the hematite market is becoming 
more acute, and any available parcels are quickly taken 
up. All the producers are heavily committed and are 
not seeking new business. They feel also that the current 
prices are not sufficiently remunerative and are pressing 
for an advance of 10s. per ton; in fact, some of them 
ask that amount as a premium when accepting new orders. 


British Iron and Steel Production. 


The British Iron and Steel Federation, in its 
monthly statement of production, gives the output of 
pig iron in October as 670,300 tons, against 650,800 tons 
in September and 544,300 tons in October last year. The 
total for last month included 155,000 tons of hematite, 
376,800 tons of basic iron, 113,200 tons of foundry, and 
10,300 tons of forge pig iron. The output of steel ingots 
and castings totalled 1,060,500 tons, against 1,027,000 
tons in the previous month, and 907,300 tons in October, 
1935. At the end of October 113 furnaces were in blast, 
four having been put into commission and two blown 
out during the month. The report does not give details, 
but one furnace was blown in at each of the following 
works :—Sheepbridge Coal and Iron Company, Ltd., 
Chesterfield; John Lysaght, Ltd., Newport, Mon.; 
G. and R. Thomas, Ltd., Bloxwich; and the Lowmoor 
Iron Company, Ltd., Lowmoor, Bradford, whilst those 





put out of commission were at Stewarts and Lloyds, 
Ltd., Bilston, and the Lancashire Steel Corporation, 
Ltd., Warrington. The following table gives the average 


monthly production of pig iron and steel over a period of 
years and the output for the past four months :— 


Pig Iron. Steel. 
1913-——Monthly average... 855,000 638,600 
1920 ye * 669,500 755,600 
1929 632,400 803,000 
1933 344,700 585,300 
1934 497,400 737,500 
1935 535,500 820,200 
1936 July 665,600 974,100 
August ... 635,800 ... 872,700 
September 650,800 ... 1,027,000 
October... 670,300 . 1,060,500 


The Midlands and South Wales. 


The Midland iron and steel trade is sharing to the 
full in the tide of prosperity which the industry is enjoying. 
There are few establishments which are not working at 
capacity and in most departments the manufacturers 
would not be sorry if there were a lull in the stream of 
orders offered them. The demand for structural steel 
has exceeded production for a long time and in spite of 
attempts to ration customers, constructional engineers 
complain that jobs are being held up through the difficulty 
of obtaining material. In this department the situation 
has not been improved by the delay in releasing the Con- 
tinental quota of imported steel for the last three months 
of the year. It is said that difficulties in adjusting freight 
rates and complications arising from the new system of 
licencing have been responsible for holding up the delivery 
of this steel ; but whatever the cause, the market has had 
to go short of several thousand tons at a time when it 
could ill be spared. It was expected that the release 
would be made at the beginning of October, but no definite 
date has yet been fixed. Business in plates has been 
exceedingly active for some weeks and is now restricted 
by the difficulty the makers experience in quoting for 
anything like near delivery owing to the congested state 
of their order books. The sheet mills are working at a 
high rate, but continue to find export business rather 
slow. The Indian demand for black sheets, for instance, 
has been light for some weeks, as it is understood that 
the Tata Iron and Steel Company has taken all the 
orders likely to be placed in that market for the remainder 
of this year. A small business, however, has been trans- 
acted with Indian buyers for far forward delivery. The 
re-rollers in the Midlands have rarely been in such a satis- 


Notes and News. 


Unless otherwise specified home trade quotations are delivered f.o.t. 
A comprehensive list of the prices of materials mentioned below will 


Export quotations are 
be found on the next page. 


without trouble and recently they have been able in agree- 
ment with the steel makers to raise the export price of 
small bars to £8 2s. 6d. f.o.b. In some cases even higher 
figures have been required. An important firm which 
has held aloof from the Federation for some time is under- 
stood to have joined the organisation and te be quoting 
the official rates. In South Wales conditions are no less 
satisfactory. The export demand for tin-plates has ex- 
panded largely in anticipation that the price will be raised 
in the near future. 


Current Business. 

The Sunderland Finance Committee has accepted 
the tender of the Whessoe Foundry and Engineering 
Company, Ltd., Darlington, for the erection of additional 
oil storage tanks on the Corporation Quay, Sunderland, 
subject to the approval of the Town Council. The tender 
was £8150. The blast-furnace plant of the Tees Ironworks; 
belonging to Pease and Partners, Ltd., at Cargo Fleet, 
which have been idle for eight years, have been sold for 
demolition. It includes three steel blast-furnaces dating 
from 1870, ten hot-blast stoves, nine calcining kilns, 
eight boilers and four blowing units. The Holborn 
Construction Company, Ltd., London, have obtained 
the contract to construct a tunnel under the Team 
Colliery level crossing at the Pelaw Main Collieries, Ltd. 
The work is to be undertaken by the company in con- 
junction with the Durham County Council. Turnbull’s 
Iron Foundry, Ltd., at Crook, County Durham, was 
offered for sale by auction recently, but no bid was 
obtained. Negotiations for the purchase of the business, 
however, were opened directly after the sale. The Houlder 
Line has placed an order with R. and W. Hawthorn, 
Leslie and Co., Ltd., for a twin-screw motor vessel. The 
Staveley Coal and Iron Company, Ltd., has decided to 
extend its plant to produce 6in. diameter metal spun 
pipes. It is announced that the London and North-Eastern 
Railway Company is to construct 121 new locomotives 
during 1937. The Department of Overseas Trade 
announces that the following contracts are open for 
tender: Indian Stores Department: Supply of 6050 
boiler smoke tubes (New Delhi, December 10th). Johan- 
nesburg, Public Works Department: Supply of a deep- 
well pump head, steel pump rods, electric motor, &c. 
(South Africa, December 4th). 


Copper and Tin. 

The electrolytic copper market has not yet 
recovered from the decision of the copper producers to 
increase production to 105 per cent. of the standard figure. 
Although in the latter part of last week the price fell 
rather quickly, a reaction afterwards occurred, but the 
tone of the market has been uncertain, and prices have 
fluctuated sharply. The general view appears to be that 
the present is only a temporary phase, and that when the 
market has become accustomed to the new conditions, 
prices will again become firmer. In the meantime, buying 
has been restricted, and in the United States where most 
consumers covered their requirements before the domestic 
quotation was raised to 10.50 c., little new business has 
been transacted. In Europe, however, users do not seem 
well provided with copper, and an active demand has been 
maintained in this country. Probably the consumption 
of copper in Great Britain was never greater and all the 
consuming industries appear to be exceptionally well off 
as regards orders. Near delivery metal is still difficult 
to obtain, but Continental consumers have bought far 
forward with some freedom. In the London standard 
copper market speculative activity has been noticeable 
at times, and probably at the moment the bear account is 
predominant. This, however, should prove a source of 
strength to the market later on. A feature of business in 
this department has been the number of option trans- 
actions which have taken place, and 35s. has been paid 
for the “call.” From Canadian sources it is pointed out 
that the improvement in the price of copper has enabled 
the International Nickel Company of Canada to increase 
output, and that it is now with an estimated production 
of 140,000 short tons per annum, the largest producer in 
the British Empire. . The tin market, like copper, 
has suffered from the announcement that the production 
quota would be raised to 105 per cent. of the standard 
as from October Ist. Prices slumped to the extent of 
£13 on the day the news became known, but afterwards 
recovered somewhat. Irregular markets have ruled since. 
and the outlook seems uncertain. Sales in the East have 
been on a good scale, and, in fact, have provided one of 
the features of the position. Speculation has died down, 
and buyers have shown a marked tendency to pursue a 
cautious policy. 

Lead and Spelter. 

There has been no decline in the strength of the 
lead market, although prices have recovered almost to 
the high figure of a week ago. At the same time there is 
a tendency for dealers to look for some reaction after the 
rapid and ‘considerable increase in values. There is no dis- 
puting the fact that statistically the metal is in a strong 
position, although the demand is maintained at an extra- 
ordinary level considering the time of year. According 
to all accounts, consumers have sold a good proportion of 
their production for some time to come, and have still to 
cover against some of their sales. A revival also in the 
Continental demand naturally has had a strengthening 
influence upon this market, since there is a possibility that 
supplies of foreign lead will be diverted to foreign destina- 
tions. Spelter prices continue to advance, although 
during the week there have been some rather sharp fluctua- 
tions. Consumers appear to have covered their require- 
ments for the time being, and although there has been a 
fair amount of buying, the tendency for the moment is to 
watch the market. Realisations by speculators have 
helped to check the upward movement at times, but it is 
estimated that there is still a substantial bull account 








3724 tons, whilst Luxemburg supplied 5460 tons. 





factory position. Their full output is being disposed of 
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Makers’ official home trade prices per ton, delivered buyers’ stations. 
plates and sections, 15s. 


British Steelmakers: joists, 22s. 6d. ; 
PIG IRON. 
Home. 
* (D/d Teesside Area) 
N.E. Coast— £ os. d. 
Hematite Mixed Nos.*.. 4 5 0.. 
No. 1 : =o 3. 
Cleveland— (D/d Teesside Area) 
No. 1 “s 2 Ss 
No. 3 G.M.B... 315 0. 
No. 4 Forge ws eee" 
Basic (Less 5/- ‘itiate) 315 0. 
MrpLanps— 
Staffs— (Delivered to Black Country Station) 
North Staffs. Foundry... 4 0 0.. 
” » Forge 218..0 us 
Basic (Less 5/— rebate)... 315 0 .. 
Northampton— 
Foundry No. 3 317 6 
Forge 312 6 
Derbyshire— 
No. 3 Foundry 40 0 
Forge 315 0 
ScoTLayD— 
Hematite, f.o.t.furnmaces* 4 5 6. 
No. 1 Foundry, ditto ey et 
No. 3 Foundry, ditto 319 0. 
Basic, d/d (Less 5/- rebate) 315 0. 
N.W. Coast— (4 5 6d d Glasgow 


Hematite Mixed Nos.* 4411 O ,, Sheffield 
A 417 0O ,, Birmingham 
* Less */— rebate. 
MANUFACTURED IRON. 
Home. 
Lancs. aND YORKS.— b..a. & 
Crown Bars oo: BBO Oa 
~ Best Bars ot @ ©... 
MipLanps— 
Crown Bars <> 1010 O. 
Marked Bars (Staffs.) . 3.0,¢0. 
No. 3 quality Sky 6. 
No. 4 quality B 13446, 
ScoTLanp— 
Crown Bars 10 10 0 
Best. . ll 0 
N.E. Coast— 
Common Bars 10 10 0 
Best Bars Sead 11 0 0 
Double Best Bars 11 10 0 
NorTHERN IRELAND AND FREE StTaTeE— 
Crown Bars f.o.q. .. 120 17.6... 
STEEL. 
LonDON AND THE SovuTH— Home. 
ae ae 
Angles i 
Tees.. » B..3.6. 
Joists 910 0. 
Channels. . ot ®. 4.6. 
Rounds, 3in. and up mi &<-8 . 
Pe under 3in. ek 
Flats oo s 
Plates, jin. (basis) 912 6. 
os fin. .. 2-17...4. 
re tin. .. 0: Bvt. 
i fein. . w+ 7.8. 
Un. % to fin. ane 10 0 0. 
Boiler Plates, jin. 0°26. 
Norrs-East Coast— a oe 
Angles 900. 
Tees. . 10 00. 
Joists So F"s:. 
Channels. . es 8 8. 
Rounds, 3in. and up cS @ » 
a“ under 3in. > 7.9. 
Plates, jin. (basis) oS 2 6. 
ae fyin. .. ee: 
ss fin. .. oily 6. 
- yin. . ew Os 
Un. %& to fin. hel: 915 0. 
Boiler Plates, jin. 9.8. 
Mipianps, aND LEEDS AND DistrictT— 
£ s. d. 
Angles ee a Be 
Tees. . wile AD ‘ve 
Joiste ia. 
Channels. . ‘ 9 5 0. 
Rounds, 3in. and up 10 00. 
Pe, under 3in. ie fo 
Flats, 5in. and under To. 
Plates, jin. (basis) 910 0. 
a fein. .. 915 0. 
os qin. .. 10 00. 
3 fin. . oe Or Ou 
Un. & & jin. fae. 915 0. 
Boiler Plates, jin. 2 2 0°. 





Current Prices for Metals and Fuels. 
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*For Markets other than 
South Africa 5s. and Foreign Markets 2s. 6d. higher. 


STEEL (continued). 


Home. Export. 
GLascow anp District— ae 2 6... G. 
Angles ee Uh in See *8 0 0 
er ee eee eee as *9 0 0 
NR skersr atu. svreckicy we sa turee cs *8§ 0 0 
Gheseeleccriak ies ch @ oBiiO an. tok *8 5 0 
Rounds, 3in. and up 80.2 OSOiwwit. *9 0 0 
» under 3in. Te We 8 2 6 
Flats, 5in. and under .. 9 7 0 8 2 6 
Plates, jin. (basis) .. 9 7 6. 8 5& O 
oot Me asl ull ph EB Oey +8 10 0 
a Reig. HOO 18 15 0 
oo | ine. OM Greg 19 0 0 
Un. % to fin. incl. PS «ee 910 0 
Boiler Plates, jin. “+ war © 817 6 
South Wares AREA— £ iad. $:, +d. 
bees) 2h) stn a SOO. *8 0 0 
ee oh CEL 10 0 O. *9 0 0 
eee a TP FO, ree. *8 0 0 
CEs ns. ay Ge Oe *§ 5 0 
Rounds, 3in. and up 10 00. *9 0 0 
ae under 3in. A. tes 8 2 6 
Flats, 5in. and under .. 9 7 0. 8 2 6 
Plates, jin. (basis) .. 910 0. t8 5 0 
se EDs os) 60 oe a es 78 10 0 
ERS ace ace’ poe RO aes +8 15 0 
“eke. > om 6 O... t9 0 0 
Un. ¥ to fin. ‘ai 10.0 Bids 910 0 
TRELAND—F.0.Q. BELFAST. Rest oF IRELAND. 
2, 6 A £4. d. 
DUNE. os. at vss asi > 2 © 
Tees. . 10 5&5 0. 10 7 6 
Joists 9 12.4... 915 0 
Channels. . ais 910 0. 912 6 
Rounds, 3in. and up 1008 Oi. 10 7 6 
So under 3in. SUED & 8 5 0 
Plates, jin. (basis) 9 32.46 :. tT 9.15 O 
| a 37 6; t10 0 0 
ro hin. .. 2 6. 410 5 0 
* fin. . ae ata &. +10 10 0 
Un. »& to jin. foi 10 2 6 10 5 0 
OTHER STEEL MATERIALS. 
Home. Export. 
Sheets. aa ee fF £ a d. 
14-G. to 20-G., d/d ae” a ee 10 10 0 
21-G. to 24-G., d/d 18: O11 O16. 10 15 0 
25-G. to 27-G., d/d 12,12 6:. 11 10 0 


South Africa, 24 g. basis £10 5s. Od, 

The above home trade sheet prices are for 4-ton lots and over ; 
2-ton to 4-ton lots, 10s. per ton extra; and under 2-ton lots 
30s. per ton extra. 

Galvanised Corrugated Sheets, Basis 24-G.— 

Home. 2 s."a 


4-ton lots and up im: ¢ DO 
2-ton to 4-ton lots .. 14 7 6 
Under 2 tons 16 0 0 


Export : India, £12 ies to £13 2s. 6d. c.i.t., South Africa, 
£12 10s. f.0.b. plus 3 p.c. invoice value ; Australia and 
Rhodesia, £12 17s. 6d. f.o.b.; Irish Free State, 
£14 f.0.q.; General, £12 15s. f.o.b. 


Tin-plates. 
20 by 14 basis, f.o.b. Bristol Channel Ports, 18s. 9d. 
Tin-plate Bars, d/d Welsh Works, £6 0s. Od. 


a 


Billets. £ s. d. 
Basic, (0-33% to 0-41%C.) .. 8.0 
» Medium (0-42% to 0-60% C. ~~ 715 0 
» Hard (0-61% to 0-85% C.) 8 5 0 
” » (00-86% to0-999%C.) .. 815 0 
” » (1% C. and up) «av. &.0 
Soft (up to 0-25% C.), 500 tons ep up 6 2 6 
Rails, Heavy, 500-ton lots, f.o.t. - 810 0 
» Light, f.0.t... -é - 710 0 
FERRO ALLOYS. 
Tungsten Metal Powder. 3/1} per Ib. 
Ferro Tungsten 3/— per lb. 
Per Ton. Per Unit. 
Ferro Chrome, 4 p.c.to 6p.c.carbon £21 10 0 1/- 
” ” 6 p.c. to 8 p.c... £21 0 0 T/- 
” ” 8 p.c. to 10 p.c. £21 0 0 q/- 
* Specially Refined .. 
” , Max. 2p.c.carbon £33 10 0 11/- 
” 2 » 1 p.c. carbon £36 5 0 11/- 
” ” » 0-50p.c.carbon £37 5 0 12/- 
” ” » carbon-free .. 9$d. per lb. 
Metallic Chromium .. 2/5 per lb. 
Ferro Manganese (loose), 76 pc... £11 15 O home 
» Silicon, 45 p.c. to 50 p.c. £11 15 Oto £12 & 0 
scale 5/~ p.u. 
- 9. LE DBs £16 17 6to£l7 7 6 
seale 6/— p.u. 
» Vanadium . 12/8 per lb. 
» Molybdenum... 4/6 per lb. 
» Titanium (carbon free): 9d. per Ib. 
Nickel (per ton) £200 to £205 


7/- to 7/1 per Ib. 


Some ees OOS Svae 





Sections, joists and plates are subject to a rebate to home users purchasing only from associated 
India, Australia and New Zealand, 5s. 


per ton must be added. 


NON-FERROUS METALS. 


Official Prices, November 18th. 


CoPpPER— 
Cash .. £44 2 6tof44 3 Y 
Three months . . £44 10 Oto £44 ll 38 
Electrolytic £48 10 Oto £49 0 O 
Best Selected Ingots d/d Bir- 
mingham ‘ d £48 10 0 
Sheets, Hot Rolled £75 0 0 
Home. Export. 
Tubes, Solid Drawn (basis) .. 113d. L1}d. 
»  Brazed (basis) .. 11¢d. 11}d. 
Brass— 
Ingots, 70/30,d/d Birmingham £34 0 Oto £36 0 0 
Home. Export. 
Tubes, Solid Drawn, 2/1 Alloy 104d. 10$d. 
»  Brazed.. 124d. 12}d. 
Tin— 
Cash .. . £234 5 Oto £235 10 0 
Three months . . . £233 5 Oto £233 10 0 
Leap: £2117 6to £21 15 O 
SPELTER : £16 2 6to £16 7 6 


Aluminium Ingots (British) .. £100 to £105 


FUELS. 
SCOTLAND. 

LANARKSHIRE— Export. 
(f.0.b. Grangemouth)— Navigation Unscreened 15/— to 15/6 
Hamilton Ell 16/6 
Splints 19/6 

AYRSHIRE— 

(f.0.b. Ports)}—Steam Ry at rae re 15/3 

FIresHIRE— 

(f.0.b. Methil or Burntisland)— 
Prime Steam .. p me 15/6 
Unscreened Navigation 14/6 to 15/- 

LoTHIANS— 

(f.0.b. Leith)—Hartley Prime E 14/6 to 15/- 
Secondary Steam... .. .. «.- -e 14/— to 14/3 
ENGLAND. 

YORKSHIRE, MANCHESTER— 

B.S.Y. Hard Steams ., 19/6 to 23/- 
Furnace Coke 19/— to 24/- 
NORTHUMBERLAND, NEWCASTLE— 
Blyth Best 16/9 to 17/- 
»  Second.. 16/- 
» Best Small .. 13/- 
Unewéemed si) 6i7 48 Gi.wimes “LE. he teekep 

DukHam— 

Best Gas. . 15/- 
Foundry Coke 24/6 to 26; 

SHEFFIELD— Inland. 

Best Hand-picked Branch 7 tg to 29/6 — 
South Yorkshire Best ..  .. 24/- to 30/- — 
Seconds .. ‘ 21/- to 22/- o- 

CarpirF— SOUTH WALES. 

Steam Coals : 
Best Admiralty Large .. 19/6 
Best Seconds se 19/- to 19/44 
Best Dry Large 18/6 
Ordinaries .. 18/3 to 18/6 
Bunker Smalls 13/6 to 14/6 
Cargo Smalls .. 13/— to 13/6 
Dry Nuts 25/- to 27/- 
Foundry Coke 30/- to 47/6 
Furnace Coke 24/6 to 25/~ 
Patent Fuel 22/- 

SwansEa— 

Anthracite Coals : 
Best Large : 36/— to 40/- 
Machine-made Cobbles. . 41/— to 48/6 
Nuts 40/— to 48/6 
Beans 25/- to 35/~ 
Peas bit ot 19/— to 23/6 
Rubbly Culm. . 11/6 to 12/- 

Steam Coals : 
Large Ordinary 18/- to 20/6 


FUEL OIL. 


Inland consumption ; contracts in bulk. 
Exclusive of Government tax of 1d. per gallon. 


Ex Ocean Installation. Per Gallon. 
Furnace Oil (0-950 ay eal ide) ane 33d. 
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French Engineering Notes. 
(From our own Correspondent in Paris.) 
Railway Deficits. 

THE railway companies have made a further 
collective protest to the Government against the intoler- 
able situation in which they have been placed by the 
Government’s failure to fulfil its obligations under the 
Convention of 1921. The liberties and opportunities 
for the exercise of initiative accorded to the companies 
at that time were subsequently whittled down until 
nothing was left of them, and for many years past the 
railways have been paralysed by financial difficulties 
and by the new menace of road traffic competition, 
which has entirely changed the conditions of rail transport. 
The whole problem was supposed to have been solved by 
the findings of the various commissions and committees 
of investigation which were incorporated in a decree 
providing for a distribution of traffic between the railway 
companies and road hauliers under conditions that were 
favourable to the companies. This organisation, however, 
necessitated a complete change in railway practice, and 
an adaptation of rolling stock to new conditions, the cost 
of which was beyond the means of companies that were 
practically in a state of insolvency and could only 
be achieved by help from the State in the form of grants 
from the public works relief fund. Had the railway 
companies been able to carry out the organisation with 
a freer hand, and at lower charges, they would no doubt 
have succeeded in time in adapting railway transport 
to the requirements laid down in the decree governing 
the co-ordination of road and rail traffic, but the new 
labour and social obligations imposed by the Popular 
Front Government have apparently destroyed all faith 
in the ability of the railway companies to carry through 
a vast work of reorganisation in a manner that will be 
effective in dealing with the complicated problem with 
which they are faced. In the annual report of the Chemins 
de Fer de l’Est the situation is presented in a particularly 
unfavourable light. The company, it is stated, does not 
expect to derive any benefit from a return to normal 
economic conditions or even from an arrangement for a 
distribution of traffic, since the whole trouble lies solely 
in excessively high charges. The report states that since 
the Convention of 1921 the total deficit of all the railway 
companies amounts to 24,500 million francs. During 
that period the State has taken from the railway companies 
in the form of taxes and services an amount equal to 
37,500 million francs. Consequently, with a more moderate 
State imposition the companies could have paid their 
way. The companies have been doing their best by cutting 
down costs and carrying out economies of all kinds to 
balance accounts, but as their efforts are met by further 
charges they feel that the task imposed upon them is 
a hopeless one, unless the State undertakes to relieve the 
railways of a crushing financial burden. 


Public Works. 


During the past three years the number of public 
works to which approval has been granted under the 
relief scheme makes a formidable list, and the financing 
of those undertakings has presented a difficult problem 
to previous Governments which would regard them only 
in the light of national investments or from the point of 
view of national economic interest. The works were 
repeatedly held up through lack of funds. Under the 
new Socialist organisation public works are regarded as 
occupying an indispensable place in the national economy, 
for the reason that employment must be found for those 
men who are now fighting to retain the work and wages 
which they are in danger of losing through the necessity 
of employers adapting their businesses to the new labour 
situation. Voluntary public subscriptions failed to pro- 
duce all the money needed to carry out the extended 
programme of public works, although the money so 
received enabled some impetus to be given to it, and it 
is obvious that the Government has no alternative but 
to resort to public loans. This step is to be taken in 
order to provide for extraordinary credits for national 
defence. The financing of works of all kinds must, in 
fact, be carried out in one way or another if the Socialist 
programme is not to founder on the shoals of unemploy- 
ment that threaten it. There is already promise of a 
resumption of work on schemes of harbour improvement 
that have been held up for a considerable time, and it is 
expected that money will be found to allow some of the 
Paris undertakings to be put in hand, notably the scheme 
for the extension of the sewerage scheme. It was hoped 
that work on the Val de Loire pian for bringing a million 
cubic metres of water to Paris daily would have been 
started a year ago, but here again financial arrangements 
with that end in view could not be completed. Great 
efforts are now being made to ensure the putting in hand 
of the Val de Loire works before the end of the year. 
The success of the great Socialist venture depends largely 
upon what can be done to revive industrial activity with 
the aid of public works during the next four months. 

Aircraft Nationalisation. 

The arrangements for nationalising the aircraft 
industry appear to relegate the construction of civil 
aircraft to a very subordinate position at a time when it 
is alleged that this branch of the industry has failed to 
maintain any superiority in competition with the products 
of other countries. An idea of inferiority is suggested 
by the unsuccessful attempts so far to secure an effective 
participation in the North Atlantic air traffic which 
seems to be passing into the hands of Great Britain, 
the United States, and Germany, and the recent failure 
of the Paris-Saigon air race has strengthened the 
impression that all is not for the best in French civil 
aviation. This country is not behindhand in technical 
progress. It is retarded by lack of continuity in organisa- 
tion, and it is feared that civil aviation will suffer from 
the nationalisation of the industry which is now to all 
intents and purposes entirely militarised. The industry 
generally is to be concentrated in five companies which 
are being formed with State majority participation and 
control, the only firms left outside being apparently the 
Latécoére Company and Dewoitine, while the Blériot 
factory at Suresnes may specialise in a popular type of 


| to pole pieces E, which are provided with extremities lying on 


British Patent Specifications. 





ts icated from abroad the name and 





When an i: bi 
address of the communicator are printed in italics. 

When an abridgment is not illustrated the Specification is 
without drawings. 

Copies of Specifications may be obtained at the Patent Office, 
Sale Branch, 25, Southampton-buildings, Chancery-lane, W.C.2, 
ls. each. 


The date first given is the date 
at the end of the abridgment, is 
complete Specification. 


f seein ; the second date» 
date of the acceptance of the 


INTERNAL COMBUSTION ENGINES. 


454,436. March 30th, 1935.—MacGnetos, Joseph Lucas, Ltd., 
Great King-street, Birmingham, 19, and A. Massey-Allen. 
This invention relates to high-tension ignition magnetos of the 
rotary miagnet type, and has for its object to provide a device 
whereby a large number of sparks can be obtained in each 
revolution of the rotor with ample range of advance and retard 
in the timing of the sparks. On each of a pair of cores A there 
is mounted a coil C, consisting of the usual primary and secondary 
windings. The ends of each core A are secured by screws D 


a cylindrical surface around the rotor F. In the example shown, 


the pole pieces E are mounted in the body part B by means of 
projections G engaging in recesses in the body part. The arrange- 


N°454,43 





ment of the pole pieces E is such that the two pole faces H at 








aeroplane. 





the extremities of the pole pieces of each armature core subtend 
at the axis of rotation of the rotor F an angle of approximately 
90 deg. Also the coils C are so mounted in relation to the rotor 
F that the radial centre lines through the coils C and the axis 
of the rotor F are inclined to each other at an angle of 135 deg. 
The rotor comprises a cylindrical permanent magnet F, pre- 
ferably cast on a spindle rotatably mounted in ball or roller 
bearings J in the body part B, the magnet being provided with 
four salient poles K suitably disposed to co-operate with the 
pole faces H, the magnet being suitably magnetised to give 
alternately north and south polarity to the poles K. Alter- 
natively, any other suitable number of poles K may be provided 
on the magnet.—September 3rd, 1936. 


TRANSFORMERS AND CONVERTERS. 


454,538. March 6th, 1936.—Exxcrric Transformers, The 
British Thomson-Houston Company, Ltd., Crown House, 
Aldwych, London, W.C.2. 

The voltage-reducing circuit shown diagrammatically in Fig. 1 
includes a high-voltage conductor A surrounded by a ground 
sleeve B and a conductive cylinder C disposed between the 
conductor A and the ground sleeve B. The transformer D 
includes a high-voltage primary winding E, connected between 
the cylinder C and a ground connection F, so that this winding 
is connected across the capacity between the cylinder C and 
ground sleeve B. A low-voltage secondary winding G of the 
transformer D is connected to a load H which may be a volt- 
meter, synchroscope, or other instrument responsive to the 
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voltage or frequency of the high-voltage conductor A. The 
transformer D includes two auxiliary windings J and K induc- 
tively closely coupled with the windings E and G respectively, 
and connected in series through an adjustable condenser L. 
The primary winding E and the secondary winding G are spaced 
apart on separate winding legs of the transformer core, as shown 
in Fig. 2, so that the leakage reactance between them is very 
high. The circuit, including the auxiliary windings J and K, 
however, serves as a coupling circuit’ to reduce this reactance 
to any desired value. In order that a constant potential inde- 
pendent of the value of the load current may be maintained at 


impedance of the transformer D should be equal and opposite 
to the effective impedance of the source, which, in the present 
case, is the capacitance between the conductor A and the cylinder 
C taken in parallel with the capacitance between the cylinder 
C and the ground sleeve B. The impedance of the transformer 
D is inductively reactive and may obviously be adjusted as 
desired by means of the capacitatively reactive impedance of 
the adjustable condenser L in the coupling circuit. The use of 
a condenser for this purpose is found to be highly desirable. A 
condenser, for example, has a substantially straight line charac- 
teristic between voltage and capacity, so that no substantial 
change in adjustment is necessary throughout a considerable 
range of voltage of the high-voltage conductor A and of the 
value of the load H. Furthermore, condensers have very low 
losses, and, therefore, when neutralisation of impedance is 
necessary, this is accomplished most effectively with the aid 
of condensers. The capacity of the condenser L is, in effect, in 
parallel with the inductance between the primary winding E 
and the secondary winding G, so that an increase in the capacity 
of the condenser L causes an increase in the total reactance 
of the transformer D. This effect is obtained when the con- 
denser volt-amperes are numerically smaller than the reactance 
volt-amperes of the transformer. The transformer D may 
therefore be designed with a reactance slightly smaller than 
desired, and the reactance then increased or adjusted to the 
desired value by means of the condenser L.—October 2nd, 1936. 


BATTERIES AND ACCUMULATORS. 


454,568. April 2nd, 1935——Vent Pivucs For Sroracr 
Batteries, J. Lucas, Ltd., Great King-street, Birmingham, 

19, and G. D. Spencer. 
This vent plug for accumulators also acts as a filler for 
“topping up” and an acid level indicator. It comprises a 
porcelain body A with vent holes D and E formed as a cup to 
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collect any acid spray which may escape. This spray drains 
back through the vent holes. The cup also serves as a con- 
venient means of adding fresh electrolyte. Two glass plugs B, C, 
with conical ends pass through the cap. When viewed from 
above the plug which is immersed will appear black and that 
which is clear of the surface bright.—October 2nd, 1936. 


MEASURING AND TESTING INSTRUMENTS. 


454,569. April 2nd, 1935.—VisvuaL InpicaTors FoR EcHo 
Sounpine Apparatus, Henry Hughes and Son, Ltd., 59, 
Fenchurch-street, London, E.C.3, and D. O. Sproule, 
The Royal Institution of Great Britain, 21, Albemarle- 
street, London, W 

This instrument gives a continuous visual indication of the 
depth measurements given by an echo sounding apparatus. 

The echo produces a current in a microphone which is connected 

with the winding of the electro-magnet A through the slip rings B. 








The magnet is rotated round the shaft C in synchronism with 
the beats of the echo sounder. Surrounding the shaft there is a 
crown of springy iron reeds D. It is suggested that there should 
200 reeds round the circle. These are in plain view of the 
observer. The period of time it takes for the echo to return is 
measured by the angular distance the electro-magnet advances 
from zero, in the interval between despatch and return of the 
signal divided by two. The position of the pointer is indicated 
by a trembling of the reeds in its vicinity.—October 2nd, 1936. 


454,573. April 2nd, 1935.—PHorometeErs, The British Thom- 
son-Houston Company, Ltd., Crown House, Aldwych, 
London, W.C.2, and B. D. Davies, 32, Craven-road, Rugby. 

This is an instrument for measuring the intensity or the 

comparative intensity of road illuminations. It is shown in 
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Fig | Fig 2 
































general elevation in Figs. 1 and 2, and diagrammatically in 
Fig. 3. It comprises a sight tube A within which there is 
arranged a glass diaphragm B, set at an angle of 45 deg. In 





the load H with constant potential at the source of supply, 
which in the present case is the conductor A, the total effective 


the centre there is a small patch © of reflecting surface. This 
surface is illuminated by an electric bulb D shining through a 
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ground glass window E. The bulb is mounted in a telescopic 
tube F, so that the intensity of illumination of the reflector 
ean be adjusted to match that of the roadway as seen through 
the sight tube. The illumination is then read off on the scale 
G. For very fine readings a rheostat H and milliammeter J 
may be added.—October 2nd, 1936. 


FURNACES. 


454,574. April 2nd, 1935.—Exmcrric Furnaces, G. H. 8. 
Grene and Wild-Barfield Electric Furnaces, Ltd., Elecfurn 
Works, North-road, Holloway, London, N.7. 

This is an arrangement for sealing the lid of an electric furnace. 
In the form shown the metallic retort A is surrounded by 
the insulating furnace wall B, and is carried up against a 
slight inward flange C at the top of the wall B, leaving the 
normal clearance D between the retort and the wall inside the 
furnace. The retort extends upwards above the furnace wall 
and carries the trough member E of the liquid seal in that 
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position, The plug lid F of the furnace has a metal lining G 
continued upwards above the level of the seal, and is then 
bent down to form the depending member H of the latter. 
The lid is supported by girder sections J, resting on 
outside supports, or on the top of the furnace wall B. It 
will be seen that in this way the seal remains outside the 
furnace, and above it. Alternatively, the seal may be carried 
out to the periphery of the furnace, but the whole of the flange 
portions in that case (being above the furnace) will be relatively 
cool with no excessive difference of temperature as a possible 
cause of weakness.—October 2nd, 1936. 


454,268. March 28th, 1935——Rorary Furnaces, F. Lloyd, 
26, Alma-street, Sheffield; and H. Lindars, 54, Victoria- 
street, London, S.W.1. 

This invention is concerned with low-temperature carbonisa- 
tion processes in which the carbonisation takes place in a rotary 
kiln. The characteristic lies in the fact that the kiln is horizontal 
and the charge is moved forward intermittently by mechanical 
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The kiln is shown at A, with a heating burner B, 
charging hopper C, and outlets D and E for gas and residue 
respectively. It is rotated by the gearing F. Within the kiln 
there is a shaft G, on which thére is a row of paddles, some of 
which are shown at H. These paddles are normally kept in the 
upper part of the kiln, but can be turned over occasionally to 
stir up and move forward the charge.—September 28th, 1936. 


454,305. March 26th, 1935.—PressurE O11 BuRNING 
APPLIANCES, E. Scott-Snell, 26, Kingsbridge-avenue, 
Ealing, London, W.; and W. R. Gibson, Flat No. 2, 7, Oak 
Hill, Surbiton, Surrey. 

This is an arrangement for preventing an oil burner from 
flaring up during the process of starting up from cold. It also 
prevents the spilling of oil should the apparatus be accidentally 
upset. The burner box is shown at A, with a series of burners 


means. 
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BB. The fuel oil is held in the container C and is fed to the 
vaporising jet D through the pipe E by means of a 
not shown. The combustible vapour is taken by the U tube F 
into the burner box A. There is a drain pipe G, from the U 
tube to the container, so that should liquid oil be projected 
into the U tube from the jet D it will drain back. The non- 
spiilable effect is produced by shaping the drain tube G as shown 
in the cross section.— September 28th, 1936. 





MISCELLANEOUS. 


454,635. April 10th, 1935.—SynTHETic Resins, British 
Industrial Solvents, Ltd., Kinnaird House, 2, Pall Mall 
East, London, 8.W.1; H. Langwell, “The Garth,” 
Windmill-end, Epsom, Surrey; and C. B. Maddocks, 
Chase Cottage, Chase-road, Epsom. 

This invention relates to the production of resinous com- 
positions from the condensation products obtained from 
phenols with methyl isobutyl carbinol by reaction with alde- 
hydes, polymerised aldehydes, or compounds, as, for example, 
acetals, capable of producing aldehydes, in the presence of a 
catalyst known to be suitable for the condensation of phenols 
with aldehydes. Preferably the condensation products are 
treated to remove excess phenol and are then caused to react 
with the aldehydes or the like without further purification. 
The following is a working example of carrying out the process : 
—200 grammes of the crude condensation product obtained 
(after removal of excess phenol) from phenol and methyl 
isobutyl carbinol by the process described in Patent Speci- 
fication No. 416,505 were heated to 80 deg. Cent. with 100 
grammes of 30 per cent. formaldehyde solution in the presence 
of 10 grammes of concentrated hydrochloric acid for eight to 
ten hours under a reflux condenser. The aqueous liquid was 
separated from the condensation product, and the latter was 
dehydrated by heating. A light coloured resin was obtained 
of high melting point, very fast to light, and soluble in petrol, 
benzol, and the like in any proportions as well as in linseed oil.— 
October 5th, 1936. 


453,786. March 27th, 1935.—THz MANUFACTURE AND PRro- 
DUCTION OF PiGMENT CoLourRs, Coutts and Co., 440, Strand, 
London, and F. Johnson, 218, Victoria-drive, Eastbourne, 
Sussex, legal representatives of James Yate Johnson, deceased, 
late of 47, Lincoln's Inn-fields, London. 

This invention is an improvement in a process for the manu- 
facture and production of pigment colours according to which 
pigments are intimately mixed with reversible colloidal alu- 
minium silicates of the type of reversible Wilkinite or Bentonite 
in the presence of water and then dried and ground. It has been 
found that very valuable pulverulent pigment colours are 
similarly obtained by carrying out the process while adding 
water-soluble substances of high wetting and/or dispersing 
power. Suitable wetting and dispersin, ents are, in par- 
ticular, sulphuric esters of aliphatic alcohols of high molecular 
weight, or fatty acid esters or amides of high mol weight 
containing sulphonic groups, or the salts of such compounds. 
There may be mentioned, for example, sulphuric esters of octyl 
alcohol, dodecyl alcohol, cetyl alcohol, octodecyl alcohol, 
oleyl alcohol, montanol, or ocotdecane diol, or sulphuric esters 
of mixtures of alcohols which are obtainable, for example, by 
catalytic hydrogenation of vegetable or animal oils or fats or 
fatty acid mixtures, as, for example, olive oil, soya bean oil, 
palm kernel oil, coconut oil, train oil, or tallow, or by the oxida- 
tion of paraffin hydro-carbons. The sulphuric esters of alcohols 
containing halogen, as, for example, dichlor stearyl alcohol, 
are also suitable. The following example illustrates how the 
invention may be carried out in practice :—92-5 kilos. of chrome 
yellow (lead chromate), 5 kilos. of Wilkinite or Bentonite, 
2-5 kilos. of dichlorstearic acid ethanol amide sulphuric ester, 
and 20 litres of water are kneaded for an hour at ordinary 
temperature in a kneading machine (Werner-Pfleiderer system). 
The dried and pulverised mass, when stirred into water, yields 
a pigment suspension having great fineness of grain and stability. 
Other examples are given in the specification.—September 18th, 
1936. 











Forthcoming Engagements. 


Secretaries of Instituti , &c., desirous of having 
notices of meetings inserted in this , are requested to note 
that, in order to make sure of its insertion, the necessary information 
should reach this office on, or before, the morning of the Monday 
of the week preceding the tings. In all cases the TIME and 
PLACE at which the meeting is to be held should be clearly stated. 
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To-pDay. 

Junior Inst. oF ENGINEERS.—39, Victoria-street, S.W.1. 
** Gear Performance,” Dr. H. E. Merritt. 7.30 p.m. 

Inst. or ELecTRicaL ENGINEERS : NorTH-EasTERN BRancu. 
—Tilleys Grand Assembly Rooms, Barras Bridge, Newcastle- 
on-Tyne. Annual dance. 8 p.m. 

Inst. oF MercHanicaL ENGINEERS.—Storey’s-gate, S.W.1. 
“Modern Forms of Water-tube Boilers for Land and Marine 
Use,” Dr. F. Miinzinger. 6 p.m. 

Inst. oF StructuRaL ENGINEERS: MIDLAND COUNTIES 
Brancu.—University of Birmingham, Edgbaston. ‘‘ A Method 
for the Estimation of Compressive Strength of Concrete in the 
Field,” J. F. Williams. 6.30 p.m. 

Inst. oF StrructuRAL ENGINEERS: WESTERN COUNTIES 
Brancu.—Merchant Venturers’ Technical College, Unity-street, 
Bristol. ‘‘ A Revolution in the Technique of Concrete,” A. T. 8. 
Guerrite. 7.15 p.m. 

Norrs-East Coast Inst. oF ENGINEERS AND SHIPBUILDERS. 
—Mining Inst., Newcastle-on-Tyne. ‘Ship Propulsion under 
Adverse Weather Conditions,” J. L. Kent. 6.30 p.m. 

Saturpay, Nov. 21st. 

Junior Inst. oF ENGINEERS.—Queen’s Hall, 
place, W.1. Dance. 

Inst. oF Marine ENGineers.—Swansea meeting. 
Correct Utilisation of Coal,’ H. L. Price. 6 p.m. 

Monpay, Nov. 23rp. 

BRADFORD ENGINEERING Soc.—Bradford Technical College. 
‘‘A Survey of the Manufacture and Properties of Iron and 
Steel,”” W. W. Stevenson. 7.30 p.m. 

Inst. or Crvin ENGINEERS: NORTHERN IRELAND Assoc.— 
Physics Lecture Theatre, Queen’s University, Bélfast. ‘‘ The 
Trend of Reinforced Concrete Design,” P. G. Bowie. 6.30 p.m. 

Inst. oF MECHANICAL ENGINEERS: GRADUATES’ SECTION.— 
Storey’s-gate, S.W.1. ‘“ Automatic Domestic type Oil Burners,” 
W.D. Harrison. 6.45 p.m. 

TurEspay, Nov. 24TH. 

Inst. oF AUTOMOBILE ENGINEERS.—James Watt Memorial 
Inst., Great Charles-street, Birmingham. ‘‘ A Background of 
Engineering Training,” J. Bedford. 7.30 p.m. 

Inst. or ELectTRicAL ENGrnEERS : NortH MIDLAND CENTRE. 
—Hotel Metropole, Leeds. ‘“‘ Cineradiography,” Dr. R. J. 
Reynolds. 7 p.m. 

Inst. oF ELECTRICAL ENGINEERS : 
Grosvenor Restaurant, Gordon-street, Glasgow, C.2. 
dinner. 7 p.m. 

Inst. or ErecrricaL Encingers: WIRELESS SECTION.— 
Victoria Embankment, W.C.2. ‘“‘ The Scope of the Armature in 
the Development of Radio Engineering.” Informal discussion. 
6.30 p.m. 

Inst. or Locomotive ENGINEERS: MANCHESTER CENTRE.— 
George-street, Manchester. ‘‘ Hydraulic Transmission for 
Railears,” Dr. H. F. Haworth. 7 p.m. 

Royat Inst.—21, Albemarle-street, W.1. 
Some Recent Advances,’’ Sir James Jeans. 


Langham- 


“ The 


Scottish CENTRE.— 
Annual 


‘** Astronomy— 
5.15 p.m. 





Wepnespay, Nov. 26rx. 

Inst. or Crvit ENciIngERS.—Great sige ie a 8.W.1. 
‘Methods of Providing Permanent Non-s' iP Surfaces for 
Roads,” informal discussion introduced by H. 8. Keep. 6 p.m. 

Inst. or ENGINEERS-IN-CHARGE.—Magnet House, Kingsway, 
W.C.2. “ Television,” G. C. Marris, 7.15 p.m. 

Inst. or FuEL.—Chemical Soc., paras House, Piccadilly, 
W.1, ‘A Method of Measuring the Performance of the Loco- 
motive Boiler,” Dr. P. Lewis-Dale; ‘The Analysis of Flue 
Gases in the Locomotive Boiler by Electrical Conductivity 
Meters,” V. Binns and 8, Bairstow. 6 p.m. 

Inst. or Locomotive ENGINEERS.—Inst. of Mechanical Engi- 
neers, Storey’s-gate, S.W.1. ‘‘ Locomotive Feed Water Treat- 
ment,” J. 8. Hancock. 6 p.m. 

Inst. oF MecHantcaL ENGINEERS: YORKSHIRE BRANCH, 
University, St. George’s-square, Sheffield. ‘‘ Modern Rolling 
Mill Design,” A. Poole. 7.30 p.m. 

Inst. or Merrats: Lonpon Locat Sxcrion.—Thames 
House, Millbank, 8.W.1. Annual supper-dance. 7.30 p.m. 

Tuurspay, Nov. 26TH. 

Inst. oF Civm ENGINEERS: BIRMINGHAM AND DISTRICT 
Assoc. anp Inst. or StrucruRAL Enainerrs.—James Watt 
Memorial Inst., York House, Great Charles-street, Birmingham. 
** Investigations for the Steel Struct R h C tt 
Carried Out at the University of Birmingham,” Prof. C. Batho. 
6 p.m. 

Inst. or Crvm Enainzers: YorxsHirE Section.—Hotel 
Metropole, Leeds. ‘‘ Mistakes in Engineering Practice,” J. 
Baker. 7.30 p.m. 

Inst. or SrructruRAL EnGINEERS.—Inst. of Civil Engineers, 
Great George-street, S.W.1. ‘‘Improvements at Paddington 
Station,” R. Carpmael. 6.30 p.m. 

Fripay, Nov. 27TH. 

Junior Inst. or ENGINEERS.—39, Victoria-street, S.W.1. 
‘Geodetic Surveying for Map Production,” E. B. Lockett. 
7.30 p.m. 

Inst. or ELEcrricaL ENGINEERS : SouTH MIDLAND CENTRE. 
—Annual dinner. 

Inst. or Marntne ENnGIneEERS.—Grosvenor House, Park-lane, 
W. Annual conversazione. 7.30 p.m. 

Inst. oF MECHANICAL ENGINEERS.—Storey’s-gate, S.W.1. 
“The Air Resistance of Passenger Trains,” F. C. Johansen. 
6 p.m. 

Inst. or Metats: Norru-East Coast Locat SEction.— 
Chemical Lecture Theatre, Armstrong College, Newcastle-upon- 
Tyne. “‘ Refractories,” J. W. Mellor. 7.30 p.m. 

Inst. oF SrructurnaL ENGINEERS: Miptanp COUNTIES 
Brancx, Junior Section.—James Watt Memorial Inst., York 
House, Great Charles-street, Birmingham. ‘‘ The Cormmunity 
and the Engineer,” W. H. Laithwaite. 6.30 p.m. 

Turspay, Dec. Ist. 

Inst. or Civit EnoineEers.—Great George-street, 
“The Lower Zambesi Bridge,” F. W. A. Handman; “ The 
Construction of the Lower Zambesi Bridge,” G. E. Howorth. 
6 p.m. 

Inst. or ENGINEERS AND SHIPBUILDERS IN SCOTLAND.—39, 
Elmbank-crescent, Glasgow. ‘‘ Construction of Two Welded 
Oil Tankers,” E. R. Macmillan. 7.30 p.m. 

Tuurspay, Dec. 3rp. 

Raitway Civus.—Royal Scottish Corporation Hall, Fetter- 
lane, E.C.4. ‘‘A Journey in Scandinavia,”” W. A. Wilson. 
7.30 p.m. 





Wepnespay, Dec. 9rH. 

Inst. or Furt.—Chemical Soc. Rooms, Burlington House, 
Piccadilly, W.1. ‘‘'The History and Development of Mond 
Gas for Industrial Purposes.” H. A. Humphrey. 

Taurspay, Dec. 10TH. 

Inst. or Crviy EnGtvgEERS: BIRMINGHAM AND District 

Assoc.—Annual dinner at Queen's Hotel, Birmingham. 
Fripay, Dec. lirs. 

Inst. or Crvit ENGINEERS: NoRTHERN IRELAND Assoc.— 
Grand Hotel, Belfast. Annual dinner. 

Inst. oF MECHANICAL ENGINEERS.—Storey’s-gate, 8.W.1. 
“ The Smoke of Cities,” J. 8. Owens. 6 p.m. 

Monpay, Dec. l4ra. 

Inst. or Crvit ENGINEERS: NORTHERN IRELAND Assoc.— 
Queens University, Belfast. ‘* A ate Grading and Design 
and Control of Concrete,” Prof. H. N. Walsh. 6.30 p.m. 

Inst. oy TRaNsporT.—Inst. of Electrical Engineers, Savoy- 

lace, Victoria Embankment, W.C.2. ‘Transport from an 
Sousting Trader’s Viewpoint,” W. H. Gaunt. 5.30 p.m, 
Turspay, Dec. 157TH. 

Inst. or ENGINEERS AND SHIPBUILDERS IN SCOTLAND.— 39, 
Elmbank-crescent, Glasgow. ‘‘ Television,” Professor G. W. O. 
Howe. 7.30 p.m. 

Tuurspay, Dec. 17TH. 

Inst. or Crivm Enoingeers: YorksuirE Assoc.—Hotel 

Metropole, Leeds. ‘ Road Research,” E. A. Dyer. 7.30 p.m. 








CONTRACTS AND ORDERS. 


The Editor is always happy to print short announcements of 
contracts and orders in this column provided they are sent to him 
in time to have news value and that they are likely to interest readers. 





INTERNATIONAL ComBusTIONn, Ltd., has received an order 
from Rothervale Collieries for three ““L” stokers and ash- 
handling plant. Each stoker will have a grate area of 143 square 
feet. The ash-handling plant will comprise a water trough, 
chain conveyor running into the existing ash tunnel, to serve 
the four existing boilers and the three new boilers, with provision 
for a fourth unit. The ashes are delivered to a mild steel storage 
bunker. Further orders received for stokers are two for Iron- 
bridge power station of the West Midland Joint Electricity 
Authority, three for Wm. Beardmore, and one for Rotherham 
Corporation. 








LAUNCHES AND TRIAL TRIPS. 





ManrisE, motorship; built by Netherland Shipbuilding 
Company, to the order of Royal Shell Group; dimensions, 
length 483ft., breadth 59ft., depth 34ft., displacement 16,660 
tons. Engines, eight-cylinder, single-acting, four-stroke, oil ; 
launch, November 7th. 

Marapian, steam tanker; built by Swan, Hunter and 
Wigham Richardson, to the order of United Africa Company, 
Ltd.; dimensions, length 395ft., breadth 50ft., depth 23ft. 3in., 
to carry 5700 tons deadweight. Engines, triple-expansion, in 
conjunction with a low-pressure exhaust steam turbine ;. trial 
trip, November 11th. 
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Reduced London Electricity Charges. 


REDUCTIONS in the flat rate charges for electricity 
from and after the first quarterly meter readings in 
the New Year announced by the County of 
London Electric Supply Company. The reductions 
will apply both in the large area of the county com- 
pany, and in the areas of associated companies, 
namely, the South Metropolitan, the South London, 
the West Kent, the South-East Kent, the Folkestone, 
Bournemouth, and Blandford companies. In the 
Inner London areas of the companies the flat rate 
for lighting of 5d. per unit will be reduced to 43d. 
This reduction will apply to Balham, Brixton, 
Camberwell, Catford, Clapham, Dulwich, Greenwich, 
Lambeth, Lewisham, Norwood, Putney, Southwark, 
Streatham, Sydenham, Tooting, and Wandsworth. 
In the Outer London areas the flat rate for lighting 
of 6d. per unit will be reduced to 54d. per unit, the 
parts affected being Romford, Woodford, and Epping. 
In the rural areas of Essex, Kent, and Dorset, the 
flat rate of 8d. per unit is to be reduced to 6d. For 
the past ten years the county company has pursued 
the policy of acquiring smaller companies adjoining 
its areas of supply, and the total expenditure of the 
parent and associated companies in opening up elec- 
tricity development over what is now the largest 
area in the country has amounted to some £13,000,000 
in mains and cables alone. 


are 


Britain’s Trunk Roads. 


IN moving the second reading of the Trunk Roads 
Bill in the House of Commons on Thursday, November 
19th, the Minister of Transport pointed out that it 
was proposed to establish a department of State as 
a central highway authority. The allocation of 
taxes, first adopted in 1909, for road maintenance 
was a part of the principle of centralising authority, 


and in some cases 85 per cent. of the cost of trunk | 


roads was already borne by the State. A distinction 
was drawn between roads intended to give through 
passage and roads intended to serve the needs of the 
neighbourhood. In the latter case a lump sum was 
paid by H.M. Treasury to local authorities for main- 
tenance. In the former case the financial position 
of the authorities caused numerous discrepancies on 
the same road. In June last a sub-committee of the 
County Councils’ Association had itself proposed 
that the roads of major importance should be the 
responsibility of the Ministry of Transport. Such a 
proposition was welcome. The new Bill would make 
this arrangement. It meant a change of highway 
authority, not highway law, and meant one authority 
over 4500 miles of road instead of about 84. These 
roads were for “ through,”’ not necessarily “‘ dense ” 
traffic. Any addition to this mileage would require 
an Act of Parliament, though by-passes or other 
improved routes for existing roads were not included 
in this proviso. The routes were all outside urban 
areas. Agency agreements would be entered into 
between Council authorities and the Ministry for 
the carrying out of the actual work involved. The 
administration of the Ribbon Development Act 
would remain in the hands of the local authority. 
All future financial commitments would be met by 
the Ministry, including the five years’ programme, 
in which £140,000,000 was involved. The design 
of the roads would include one-way traffic and 
special arrangements for parking; footpaths, cycle 
tracks, super-elevated bends, fly-over or controlled 
crossings, standard signs and uniform lighting. 


Ship Performance in Bad Weather. 


Wir the competition for ocean transport trade 
becoming keener each year, there is an increasing 
demand by shipowners that new cargo vessels shall 
maintain a good average speed each voyage, irre- 
spective of the adverse weather encountered en route. 
In order to obtain some facts relating to loss of ship 
speed and the weather in which these losses occur, 
members of the staff of the National Physical 
Laboratory have made measurements at sea on eight 
vessels of different classes, choosing for their trips 
the time of year when weather conditions were likely 
to be at the worst. The figures obtained have been 
analysed and examined, and opinions have been 
formed of the chief reasons causing delay in bad 


done to avoid this by suitable grouping and shaping 
of deck erections. The selection of the type of 
engine to drive the propeller is a most important 
factor in securing good propulsion in adverse weather. 
With an engine in which the pressure in the cylinders 
can be varied considerably, or the revolutions altered 
without any great loss in efficiency, and with a pro- 
peller of suitable design, the engineer on duty will 
not have to reduce the power except under the very 
worst weather conditions and the ship will maintain 
a good average speed on her voyage. 


The Brancker Memorial Lecture. 


THE Brancker Memorial Lecture was delivered by 
Mr. D. H. Handover, traffic manager of Imperial 
Airways, at the Institute of Transport on Monday last, 
November 23rd. It dealt with the Empire air mail 
scheme and its effect on air traffic. The amount of 
mail to be carried, Mr. Handover pointed out, was 
about 16,500,000 ton-miles per annum, not including 
mail between the Empire and foreign countries or 
certain inter-Empire routes. Twenty tons of mail 
per week would leave England. Weekly services 
from London contemplated for normal conditions 
were two to Sydney, three to Singapore, nine to 
Egypt, three to Kisumu, and two to Durban, where 
provision was made for connections to China and 
West Africa. At Christmas forty large machines 
would be in continual use for a period of four weeks, 
running seven services per week to Australia, nine to 
India, and five to Africa. Fifteen services per week 
| to Egypt were also arranged. There were return 
| schedules on all these routes. Mr. Handover pointed 
| out that one of the difficulties encountered in running 
| an air transport business was the provision of trained 
personnel, As a newly developed business, the supply 
was limited in every grade. As far as the commercial 
staff was concerned, the men were generally selected 
from trainees who had all been examined by the 
National Institute of Industrial Psychology for 
temperamental fitness to carry out the requirements 
of Imperial Airways. 





London Passenger Transport. 


THE third annual report and accounts of the 
London Passenger Transport Board, for the year 
ended June, 1936, price Ils., gives an interesting 
account of the work of the Board, together with 
valuable transport statistics. We note that the 
problems connected with peak traffics have been 
carefully considered. The Board finds that in many 
instances its train services are being worked to 
maximum capacity, and that a solution of the pro- 
blems under present conditions is not possible without 
| incurring heavy expenditure. A spread of the peaks 
on either side of their present limits is suggested. 
In the matter of the operation of trollybuses in 
London, the Board stated that although the costs 
are not finally ascertained, the results are sufficiently 
satisfactory to justify the Board in its general 
decision to complete the substitution of trams by 
trollybuses. With regard to the abatement of noise 
on tube railways, the Board now considers that it has 
sufficient experience to justify the practical applica- 
tion of ameliorative measures on a reasonably large 
scale. They include the welding of rail joints, the 
lining of tunnels with sound-absorbing pads, and the 
use of fibre instead of iron brake shoes. One of the 
main causes of noise, however, has been found in the 
presence of small irregularities in the rail surface, and 
it is hoped that by the use of a special grinding car 
which has been devised, it will be possible to remove 
these irregularities and ensure smoother running. 


The Fuel Research Board Report. 


THE Report of the Fuel Research Board for the 
year ended March 31st, 1936, with the Report of the 
Director of Fuel Research, was published on Wednes- 
day, November 25th, by the Stationery Office, price 
4s. net. It deals with the progress of research on coal 
and particularly the treatment of coal for marketing. 
During the last seven years the amount of coal cut 
by machines has, the Report states, increased from 
25 per cent. to over 45 per cent. of the total output, 
while the amount of small coal washed or dry cleaned 
has increased over the same period from 20 to 40 per 
cent. of the total output. Coal is coming more and 
more to be regarded as a raw material, which requires 
processing before being offered for sale. The Fuel 
Research Station and the staff of the Coal Survey 
Laboratories have carried on considerable investiga- 





weather. These opinions have been tested by experi- 
ments on model hulls in rough water created 
artificially in the Alfred Yarrow tank at Teddington, 
and the results were given in a paper read by Mr. J. L. 
Kent before the North-East Coast Institution of 
Engineers and Shipbuilders at Newcastle-on-Tyne on 
Friday, November 20th. The conclusions reached 
are that attention to certain points in design will 
ensure better time-keeping for slow-speed cargo 
ships. The “ fullness’ of the ship form should not 
be too great and considerable care should be taken 
to shape the hull so that the increase in resistance due 
to rough water is as small as possible. Previous 
model experiments have shown that wind resistance 
has considerable effect in reducing the speed of com- 


tions on the losses in coal breaking, and the Fuel 
Research Station is now in a position to draw up a 
scheme for the investigation of the problem of sizes 
for any particular colliery. The Report further states 
that there are now too many grades of coal marketed 
and that only small adjustments of mesh sizes would 
lead to the reduction of the number of grades. 
Reference is made to the work which has been carried 
out on the blending of different coals, and research 
on gas-making plant and low-temperature carbonisa- 
tion retorts and the production of motor spirit from 
tar. It has now been found that “ activated ”’ carbon 
can be produced by the carbonisation of certain 
hard coals. The experiments made with Cannel coal 
in Scotland are mentioned, and the hope is expressed 





paratively low-powered vessels, and much can be 





that they may lead to a more extensive use of Cannel 





for gas making, although it is poimted out that supplies 
of Cannel are limited. A large marine boiler has just 
been installed at the Greenwich Laboratory to study 
the desirable properties in bunker coals and to make 
further experiments on firing with pulverised fuel 
and the use of suspensions of coal in oil. 


The Dartford-Purfleet Tunnel. 


In a Journal note of August 21st we referred to 
the decision of the Ministry of Transport to begin, in 
conjunction with the County Councils of Essex and 
Kent, as soon as possible, the construction of the 
Dartford-Purfleet Tunnel under the Thames. The 
work will comprise the driving of a pilot tunnel 12ft. 
diameter with a length of about 900ft. some 20ft. to 
25ft. below the existing bed of the river, and the 
construction of the ventilation shafts and shield 
chambers. This work will necessitate the use of 
compressed air at pressures of 5lb. up to 50 lb. per 
square inch, which is probably about the highest 
pressure under which workmen have been called upon 
to work in a British tunnelling contract. In order to 
supply the necessary air Charles Brand and Son, Ltd., 
the civil engineering contractors, have just ordered 
from Robey and Co., Ltd., of Lincoln, an oil engine- 
driven air compressing plant with a total designed 
capacity of 12,000 cubic feet of compressed air per 
minute. The plant will be installed in two engine- 
houses, one on each side of the river. Each engine- 
house will contain two straight line oil engine-driven 
air compressors, each with a designed capacity of 
1000 cubic feet, and two horizontal air compressors, 
each with a capacity of 2000 cubic feet, direct coupled 
to four-cylinder vis-a-vis oil engines. A special feature 
of the plant will be an equipment to maintain the air 
at the desired pressure within fine limits and to render 
the air free from oil. 


The Opening of the Hume Reservoir. 


On Saturday, November 21st, Lord Gowrie officially 
opened the Hume reservoir at Albury, about 4 mile 
below the junction of the Murray and Mitta-Mitta 
rivers. By pressing a button water was released 
through the Hume dam, and the vast irrigation 
scheme carried out by the States of New South 
Wales, Victoria, and South Australia, with the aid 
of the Commonwealth Government, was inaugurated. 
In January, 1917, the River Murray Waters Act 
came into force, and seventeen years have elapsed 
since the late Lord Novar turned the first sod of the 
earthworks. The building of the reservoir and the 
dam has been described from time to time in THE 
ENGINEER, and in our issue of May 10th, 1935, 
drawings of the main dam were reproduced, together 
with a detailed description of the work. The central 
section of the dam is built of concrete and has a 
length of 1042ft. 6in., with embankments on either 
side having lengths of 430ft. 6in. and 3913ft. respec- 
tively. For a length of 720ft. the concrete structure 
is built as a spillway, while the remainder of the 
section contains the regulating valves and the three 
outlets for a projected hydro-electric development 
scheme. The dam serves a catchment area of 6000 
square miles, and the reservoir has an area of 30,300 
acres with a capacity of 1,250,000 acre-feet. The 
work has been carried out under the supervision of 
Mr. H. H. Dare, M. Inst. C.E., M.E. The cost of the 
Hume dam has been over £5,500,000, and the com- 
plete scheme, with the various locks and alterations 
to traffic routes, will, it is expected, cost some 





| £15,000,000. 


Iron and Steel Imports. 


SPEAKING in the House of Commons on Tuesday 
evening, November 24th, Dr. Burgin, the Parlia- 
mentary Secretary to the Board of Trade, moved 
the approval of additional import duties affecting 
the importation of iron and steel. The Order was 
approved by 156 votes to 78, whilst an Order reducing 
the duty in certain circumstances was also accepted. 
Dr. Burgin said that the Orders raised no new ques- 
tion of principle ; one of them increased the rates of 
duty on a number of iron and steel products from the 
rates in force in 1935, and the other reduced the duty 
on the same goods to 20 per cent. when they were 
imported into this country accompanied by a certifi- 
cate of origin and under certain provisions. Since 
the agreement with the Cartel there had been a world 
increase in the demand for steel, due to recovery of 
business and the tendency to expand armaments. 
There had not been a moment when we had been 
below our quota rights. He did not know of any 
steel productive capacity in this country which was 
not being used. With regard to the protection of the 
consumer, the Import Duties Advisory Committee 
was ready to inquire into any difficulty in obtaining 
supplies and was at present satisfied that the reason- 
able requirements of consumers were being met and 

that the undertakings given by the Iron and Steel 

Federation regarding distribution were being carried 

out. Dr. Burgin denied that the Federation made 
any profit on the importation of 300,000 additional 

tons from the Cartel countries. He also stated that 

the proposed tube works at Jarrow would begin work 

next year. Speaking on the necessity for maintaining 

our export trade, he expressed the hope that orders 

for the export market would always be regarded with 





special care. 
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The Art of 


Gear Design. 


By H. E. MERRITT, D.Sc. 
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XX. 


(Concluded from page 537, November 20th.) 


TooTH AND BrearinG Loaps. 
T.OR most purposes it is sufficiently accurate to 
assume that when a gear tooth is subjected to 
load, the direction of the resultant tooth reaction is 
normal to the surface of the tooth. The inclination 
of the resultant to the axis of the gear is determined, 
in the case of cylindrical gears, by the normal pres- 
sure angle and the spiral angle, and, in the case of 

bevel gears, by the pitch cone angle also. 

The resultant can be resolved into three com- 
ponents, respectively tangential, radial, and axial. 
The tangential component being found from the 
applied torque and the pitch radius, the calculation 
of the remaining components and of the loads on the 
bearings which they individually produce is a matter 
of elementary mechanics. So far as the tooth reaction 
itself is concerned, it is interesting to note how the 
calculations for the various types of gear link up, 
and form particular examples of a general case, and 
also how the conventions discussed in Part III simplify 
the correct allocation of algebraic signs in cases which 
may otherwise be rather confusing. 

The calculation of the loading on a particular bear- 
ing involves no more than the vectorial addition of 
the loads due to the three components of the resultant 
tooth reaction of the gear or gears supported by the 
bearing ; but although this is simple enough in prin- 
ciple, many arrangements of bearings in common use 
require careful thought if account is to be taken of 
the effect of every component. This applies, for 
example, to idler gear bearings and to gear-boxes in 
which one rotating shaft is supported by another. 

Cylindrical Gears.—By way of introduction, con- 
sider the case of the spur gear illustrated in Fig. 123. 
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FIG. 123—TOOTH FORCES OF SPUR GEAR 


The spiral angle being zero, tooth load produces no 
axial component and the conditions may be described 
with reference to a transverse section only. If con- 
tact occurs at the pitch point P, the tooth reaction 
will lie along the line P N normal to the profile and 
therefore tangential to the base circle. Apart from 
the effect of friction, which in this case can be 
neglected, the same will be true for any other point 
of contact. 

If the gear in question is the driver, the resultant 
(or normal) force exerted by the tooth, acting in the 
direction PR, may be resolved into a tangential 
component acting along P T and a radial component 
acting along PR. If the applied torque is M, the 
pitch diameter d, and the pressure angle Y, these 
forces will be 


F,=tangential force =2 M/d, 
F,=radial force =F; tan +, 
F,=normal force = F; see ¥, 


and the line of action of the normal force will make an 
angle ¥ with the common pitch plane. The normal 
reaction on the tooth is transmitted to the bearings, 
and this force is, of course, equal and opposite to Fy. 

It may be noted in passing that the influence of the 
pressure angle on the normal tooth load and bearing 
loading is comparatively small, yet it was upon this 
ground that the introduction of higher pressure angles 
was resisted for many years. 

The general case of cylindrical gears covers helical, 
spiral, and worm gears, and all may be treated in 
exactly the same way. In the last named, the com- 


plication introduced by the fact that the inclination 
of the normal tooth reaction varies with the position 
of the point of contact is usually and safely ignored, 
and the various forces are treated as if they act at 
the pitch point. 

In all these cases the inclination of the normal 





to the tooth or thread surface is determined by the 
spiral angle (or by the alternative angle, the lead 
angle, in the case of a worm), and by the normal 
pressure angle Y, or transverse pressure angle 4. 
The disposition of the various components is now as 
shown in Fig. 124. Using the same symbols as 
before, the normal force F, is the resultant of the 
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FiG. 124—TOOTH FORCES OF HELICAL GEAR 


tangential force F; acting along P T in the transverse 
plane, the radial force F, acting along P R, and the 
axial force Fy, acting’ along PA. The respective 
magnitudes of these components are : 

F,=2 M/d 

F,=F; tan o=F; cot A 

F,=F; tan Y= F; sec o tan Yn 

F,=F; see o sec Un= F; cosee 4 see Uy 

=F, 1/(sec? o+tan? Y;) 

To each of these forces there is, 
equal and opposite reaction on the gear. The effect 
of the tangential and radial reactions on the 
bearing loading is the same as in the case of spur 
gears, but it should be noted that the axial component 
acts at a radius d/2 and therefore produces a torque 
on the shaft in the axial plane equal to 2 F,/d. This 
‘* tilting effect’ produces additional radial loads on 
the journal bearings. In the case of double-helical 
gearing, the axial thrusts due to the opposing helices 
neutralise each other provided that the shafts have 
sufficient freedom of axial movement to permit the 
load to be equally divided, and that no external 
axial force is transmitted to the teeth. 

The direction of the axial reaction can easily be deter- 
mined by inspection, but a check is provided by 
applying the conventions for sign. If a driving gear, 
a right-hand helix, and clockwise rotation are positive 
(and their opposites negative), and a thrust acting 
away from an observer (looking along the axis) is 
positive, the sign of the thrust acting on the gear is 
the same as the sum of the signs for gear, hand 
and rotation; the thrust acting on the location 
bearing is in the same direction. 

Bevel Gears.—In the case of bevel gears, whether 
they have straight or spiral teeth, the inclination 
of the normal to a tooth surface is again expressed 
by the spiral angle and normal pressure angle, but 
these angles are measured with respect to the common 
pitch plane and not with respect to the axis. Hence, 
although the forces tangential and radial to the common 
pitch plane are given by the same relations as before, 
in terms of a given tangential force, they must be 
re-resolved parallel and at right angles to the gear axis 
in order to obtain the true radial and axial forces. 

The radius of a bevel gear is not, however, constant, 
and the magnitudes of the component forces will 
depend upon the radius at which contact takes 
place. Since the resultant is the sum of the normal 
forces at all the points of contact at any instant, 
this introduces the question of the distribution of 
the load across the face of the gear. In order to take 
full advantage of the load-carrying capacity of the 
teeth, the intensity of loading should increase with 
the distance from the apex, but inevitable inaccuracies 
in cutting and ‘mounting make it impossible to 
guarantee that this will be so. By way of compro- 
mise, therefore, it is assumed that the resultant tooth 
force, for purposes of bearing load calculation, 
acts at the mid-point of the face width. 

Thus, in Fig. 125, the tangential force on a straight- 
toothed bevel gear having a pitch diameter d, a 
pitch cone angle 6, a face width f, and a cone distance 
C, may be taken as acting at a point P at the mid-point 
of the face width, so that 

F,=2 M (C—4/f)/Cd 
This force will act along the line P,T and will be 


of course, an 


combined with a force acting along P R normal to 
the common pitch plane (represented by V P) equal 
to F; tan y. This force resolved radially and axially 
with respect to the gear, 7.e., in the directions O P and 
OV, will give the true radial and axial forces F, and 
F, respectively. 
Hence 
F,=F; tan cos 0 
and 
Fa=F; tan sin 9. 
Regardless of whether the gear is a driver or is 
driven, or of direction of rotation, the radial reaction 
on the gear always acts towards the axis, and the axial 
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FIG. 125—TOOTH FORCES OF STRAIGHT BEVEL GEAR 
| 
| reaction away from the apex. If therefore a straight 
bevel gear be viewed from the apex, the direction of 
the thrust on the gear and on the location bearing is 
positive. 

In the case of a spiral bevel gear, the components 
of the normal force with respect to the common pitch 
plane are again similar to those for a cylindrical gear, 
‘and are illustrated in Fig. 126. The components 
| radial to the apex and perpendicular to the common 
| pitch plane are represented by P,A, and P,R, respec- 
| tively, and have values 
P,A,=F; tan o 





and 
oy 
PR, 
respectively, whilst the normal tooth reaction is 
equal, as before, to F; sec o sec Un. ~ 
The component P,R, of the tooth foree will always 


F; sec o tan Yap 
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FIG. 126—TOOTH FORCES OF SPIRAL BEVEL GEAR 
act radially outwards from the axis of the gear, but 
the component P, A, may act either towards or away 
from the apex according to the hand of spiral, direc- 
tion of rotation, and whether driver or driven. 
Resolved along PO and V O, its effect, in the case 
shown in Fig. 126, will be to add to the true radial 
reaction, and subtract from the true axial reaction. 
These reactions are therefore 
F,=F; (sec o tan }, sin 6+ tan o cos 6) 
=F; (sec o tan yn cos 0+ tan o sin 9) 

The sign to be used in the above expressions can 
again be found by applying the conventions. In the 
case of Fig. 126, the sum of the signs for gear, hand, 
and rotation is negative, and the axial reaction is in this 
case reduced, and the radial reaction increased, by the 
effect of the tooth spiral. Hence for axial reaction the 
sum of the convention signs is used, and for radial 
reaction the opposite to thesum of the convention signs. 
Note that the gear is to be viewed from the apex ; 
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if the result of the calculation for axial reaction is nega- 
tive, the resultant thrust on the gear and location 
bearing acts towards the apex. Similarly, if the radial 
reaction is negative, it acts outwards on the gear. 

If preferred, the sign to be used in the expressions 
for axial and radial reactions can be found from the 
following table :— 


| R.H. spiral 
(+). 


f L.H. spiral 
Rotation, (—). 
viewed 


from apex. | Driver Dri 


Reaction. 


Driver|Driven 
(+). ). 


\ ‘3 
ven 
). 

.| Clockwise 
) Ge) 
Resultant acts} Counter- 
away from apex) \clockwise (— )| 


Axial 





(+ 


| 
| | 


| 
| 
| 
| 
| 


. Clockwise 

(+) 

(+ Resultant acts) Counter- 
towards axis) clockwise ( 


Radial 
) 


It will be observed that if @ is made equal to zero, 
the above expressions reduce to those for helical 
gears ; and if then o is made equal to zero, the case 
of the spur gear results. 

Influence of Efficiency.—In the case of simple spur, 
helical, and bevel gear drives, the loss of torque 


























Bearing Bz: 
Fng= Fy y /z 
) Fy=F; y/z 
VA | | 0 I a Foa= + Fad/2z M tan o/z 
a =F Bearing B,: 
aaticcct + Frw —_—e Fr=F; 2/2 
Q' ] 1 F,,=F, 2/2 
Fay F Fw Ftp Fuse => Fa d, Zz r M tan a/z 
tp 
Resultant radial load 
=[(Fae)® + (For + Foa)*}* 
0 0 Inclination of resultant radial load to horizontal 
as CRS EERE ti 
i plane=6z where 
rw 
Fy Fap . > 1 7 
tan 02= (Frat For)/Fre 
f In the case of a worm having a lead L (or ¢t threads 
pe of m inches module), diameter quotient q, pitch 
ee a diameter d and efficiency E, 
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Fic. 127—TOOTH FORCES OF GEARS AT RIGHT 
ANGLES 


due to friction is so small that, in view of the probable 
error or uncertainty in the calculation of bearing 
capacity, its effect on bearing loading can safely be 
neglected. An exception occurs, however, in the 
case of worm drives operating with a large ratio of 
reduction at low speed ; the axial force on the worm 
is then reduced in proportion to the efficiency, 
although the tangential and radial components 
remain substantially the same. 


Shafts at Right Angles.—When shafts at right 
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to both, and the axial force on one gear is equal 
to the tangential force on the other (see Fig. 127). 

Bearing Loads Due to Single Load Points.—Any 
gear simply supported on two bearings and having 
one load pomt may be represented by either diagram 
A or diagram B in Fig. 128, which illustrate straddle- 
mounted and overhung gears respectively. The 
tangential, axial, and radial reactions will each con- 
tribute to the loads on the bearings. 

It is convenient to regard a plane containing the 
axis and the assumed point of application of the 
component forces as vertical. The tangential 
reaction will then contribute horizontal components, 
and the radial reaction vertical components, to the 
resultant bearing loads, whilst the axial reaction, if 
any, will add equal and opposite vertical components. 
The resultant radial load on each bearing is the sum 
of these three components, whilst if the axial thrust 
is combined with the radial load on either bearing 
it must be duly taken into account. 

Denoting the bearings by Bz and By respectively, 
the distance of each bearing from the load point by 
x and y, and the span between the bearings by z, 
the three radial components on each bearing are 
given by the following expressions, suffixes h and v 
indicating horizontal and vertical direction of applica- 
tion respectively, and t, 7, and a the components of 
the tooth reaction to which they are due : 





shaft, the resultant axial thrust can often be reduced 
or more conveniently divided between the shafts by 
suitably proportioning the spiral angles. 

Intermediate Gears.—An intermediate gear has 
two load points, and the bearing loading is the sum 
of the forces due to each. Examples are provided 
by reverse pinions and differential pinions in auto- 
mobile practice, by the gears in planetary trains, 
and many others. They can be dealt with by the 
methods already described, and involve no more 
than careful attention to detail. 

Where the shafts are parallel, a more convenient 
line of approach is to consider the resultant force 
in the transverse plane due to each load point. Thus 
in Fig. 129, gears A and B are connected by an inter- 


F,=2 7 EM/L=2 EM/tm 
Fra F, d/2z= EM g/tz 


In Fig. 128 the force diagrams for the bearings 
are also shown. These diagrams indicate how the 
appropriate sign may be allocated to the vertical 
components due to the excentricity of the axial 
force. It will be seen that, proceeding from bearing, 
B; to bearing By in the direction of the axial reaction, 
the vertical component due to the axial reaction is 
added to that due to the radial reaction on bearing By 
and subtracted from that on bearing B;. 
Shafts Carrying More than One Gear.—When 
an intermediate shaft carries more than one gear the 
loads on the bearings are found by combining the 
loads due to each gear, with due allowance for the 
position of the planes containing the load points. 
Graphical methods convey a clearer picture of the 
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FIG. 128—TOOTH REACTIONS AND BEARING LOADS 


angles are connected by bevel, spiral, or worm gears, 
the number of calculations for the reactions producing 
bearing loading is reduced. It is merely necessary 
to calculate the forces for one of the pair of gears. 
Thus, if the shafts intersect, as in bevel gears, 
the same tangential force is common to both, whilst 
the radial force on one gear is equal to the axial 
force on the other, and vice versd. If the shafts do 
not intersect and contact occurs on the line of centres, 
as in spiral and worm gears, the radial force is common 

















Bearing By F 
va 


NOTE.- All end views in 
direction of arrow ‘‘A” 
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nature of the loading and are less likely to lead to 
error. 

Usually, an intermediate shaft will carry two 
gears, one a driver and one driven. If both are 
helical gears, the resultant axial thrust on the shaft 
is reduced if the gears are of the same hand, and 
increased if they are of opposite hand. If the teeth 
of the two gears have the same lead of helix, and 
the same hand, the resultant axial thrust is zero. If 
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Fic. 129—RESULTANT FORCE ON INTERMEDIATE GEAR 


mediate gear C, the load points bemg P, and P,. 
If gear A is the driver the resultant reaction on the 
driven tooth of gear C acts along P,c, and has a 
value F; sec ); the reaction on the driving tooth of C 
has the same magnitude and acts along P,c,. . The 
resultant radial load on the shaft of gear C in the 
plane containing the load points is found by com- 
pleting the force diagram, and from this the loads 
on the bearings may be found as before. It will be 
noted that the magnitude of this resultant radial 
load depends, for a given tangential load, on the 
disposition of the axes, and is much less in case (a) 
than in case (bd). 
CoNCLUSION. 

The series of articles which has been published in 
this and the preceding issues has had for its object to 
present an outline of the basic principles governing 
the design of gear teeth from the kinematic point of 
view. Tooth form alone, however, represents only 
one aspect of the general subject of gear design, and 
must necessarily go hand in hand with a study of gear 
performance; this in turn must be considered in 
relation to methods of mounting, lubrication, cooling, 
and the effects of inevitable inaccuracies in manufac- 
ture. Load carrying capacity and efficiency will be 
dealt with in a further series commencing early in the 
New Year. 








ROLLING MILL WORKS IN THE UNITED 
STATES. 


AMONG some recent new continuous mills in the 
United States for the production of flat steel—plate, 
sheet bar, sheet, strip, and tin-plate—the Bethlehem Steel 
Company’s mill has an annual capacity of 600,000 tons of 
hot-rolled material, of which 300,000 tons can be con- 
verted into cold-rolled finished products. Plate is made 
up to fin. thick and 7ft. wide. The twelve motors for the 
hot mill roll stands have an aggregate load of 36,000 H.P., 
while the smaller motors—up to 250 H.P.—number nearly 
2000 and aggregate 50,000 H.P. The total of all electric 
power used is about 160,000 H.P. Main mill motors are 
of 4500 H.P., and those of the control motor generator 
sets 8500 H.P. Power is supplied from Niagara Falls by 
a-60,000-volt transmission line, and is stepped down in a 
set of three 5000 kVA transformers for distribution through 
the works by an overhead transmission system. For 
heating and process work there is a boiler plant of four 
six-drum water-tube boilers, with superheaters and econo- 
misers, each boiler rated at 500 H.P., but capable of con- 
tinuous operation at 200 per cent. of rating. Fuel is coke 
breeze or bituminous coal, fed by chain grate stokers. 
Steam is produced at 150 lb. pressure with 200 deg. 
superheat, thus ensuring dry steam. Auxiliaries are 
driven by steam for three boilers and by electricity for 
the other. Belt conveyors deliver coal from railway cars 
to overhead bunkers holding twenty-four hours’ supply, 
from which it is fed by gravity to the stokers. A water- 
treating plant is designed to heat and treat 16,000 gallons 
per hour, and to de-aerate 24,000 gallons of hot treated 
water and condensate. Water is pumped 2 miles through 
a 36in. pipe by a station with a pumping capacity of 15 
million gallons daily. Fuel gas—a mixture of coke oven 
and blast-furnace gas—is supplied for the reheating, 
annealing, and normalising furnaces, being delivered 
through a 30in. main at 3lb. pressure. These furnaces 
are designed to burn either oil or gas. Water and fuel 
gas are supplied from the main steel works, which are 





a helical and a bevel gear are mounted on the same 


about 2 miles from the new continuous mill. 
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International Congress on Large Dams. 


No. 
(Continued from page 


PaPeERS ON SPECIAL CEMENTS 
(continued). 


rT. reports are contributed by Great Britain. Mr. 
W. T. Halcrow and Dr. F. M. Lea, of the Building 
Research Station, Watford, review the present 
position of manufactured cements in relation to the 
building of large dam structures in this country, 
and summarise the recent work of the British Sub- 
Committee on Special Cements, and Dr. N. Davey, 
a colleague of Dr. Lea’s at Watford, contributes a 
paper on ‘‘ Temperature Effects in Mass Concrete,” 
which is complementary to the first-named British 
report. It is an admirable summary of recent 
experimental work at the Building Research Station 
and elsewhere done for the British Sub-Committee. 

One problem to be faced in modern dam construc- 
tion—possibly the most important and certainly 
the most generally met with of many problems— 
is stated by Mr. Halcrow and Dr. Lea in the following 
words :—‘‘ Under present-day conditions the use 
of mass concrete in place of solid masonry for large 
dam construction is cheaper and the work may be 
carried out more rapidly. Rate of construction is 
not, however, unlimited as one of the more important 
problems arising out of the use of concrete in the 
mass is the generation of heat during setting and 
hardening. The more rapidiy the concrete is placed 
the greater is the temperature rise and the sub- 
sequent stressing and cracking due to shrinkage 
when cooling.” 

In a masonry dam the generation of heat due to 
the setting of mortar in the joints is negligible, and 
cracks resulting from seasonal changes of tempera- 
ture can be provided for by suitably designed and 
spaced joints, but “ with the use of ordinary Portland 
cement for concrete in a large gravity dam, the 
temperature rise during hardening is considerable, 
and during the cooling-off period, which may be 
spread over years, a shrinkage of the concrete mass 
takes place. As the base of the dam is tied to solid 
rock, tensile stresses are set up. These internal 
stresses are In many cases greater than the compressive 
stresses due to external loads, and cracks invariably 
form in the concrete mass.” 

The authors give a full account of the records of 
temperature rise and crack formation in the Laggan 
dam, which was completed in 1935. Summarising 
the conclusions to be drawn from experience at Laggan 
and elsewhere, the authors say: “So far it has been 
found impracticable to provide sufficient contraction 
joints in large dams to eliminate completely the initial 
contraction cracks. Waterproof coatings on the 
water surfaces are not entirely satisfactory, especially 
in the case of fluctuating water levels. The best 
method of ensuring safety is to make the material of 
which the dam is constructed impermeable in itself 
and entirely free from cracks. It will be seen, then, 
that either some other material, such as masonry, 
should be used or the cement with which the concrete 
is made must be such that it will not generate exces- 
sive heat whilst setting.” 

The chief object aimed at by cement manufacturers 
during the last twenty-five years has been the pro- 
duction of a cement which will harden rapidly and 
which will, under test, give a high tensile strength 
at seven days. This has been achieved partly by 
increasing the fineness of grinding. One effect of 
this fine grinding is to increase the heat rise in the 
concrete when setting. In the case of the Laggan 
dam, the cement used was ground more coarsely 
than the normal cement, and some small benefit was 
derived from the use of this cement, which took about 
40 per cent. more time to set than normal cement. 
The authors’ description of the experimental work 
carried out for the British Sub-Committee on Special 
Cements should be read in conjunction with the interim 
report of the International Committee and Dr. 
Davey’s paper. The share of the experimental work 
allocated to Great Britain included an examination 
of the measurements of heat evolution and solubility 
of cements with the object of ascertaining the most 
suitable methods for use in specification. Cements 
of the Portland, Portland blast-furnace, and pozzolana 
types were selected for test in order to determine 
that any methods finally recommended were equally 
applicable to all such diverse materials. Three 
methods of measuring solubility of cements were 
tested, (a) extraction tests on neat cements ; (b) per- 
colation tests; and (c) Renga:le’s method. All the 
methods agree in showing that the experimental 
pozzolanic cement has the greatest resistance to 
attack ; but the order in which the other cements are 
placed differs with the various methods. “It does 
not appear possible,” the authors say, “ until further 
information has been obtained, to reach any definite 
conclusion as to the method which should be recom- 
mended for testing the solubility of cements. The 
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Swedish extraction method is rapid, and shows a 
good reproducibility, but it is still uncertain whether 
it differentiates correctly in all cases between different 
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cements. Further work is being carried out with 
concrete specimens subjected to high water pressures, 
the water passing through the specimen being collected 
and analysed as in the mortar percolation tests.” 

Dr. Davey limits his contribution to the work 
carried out at Watford for the Sub-Committee on 
the measurement of heat of hydration and the 
correlation of laboratory tests of the temperature rise 
with the records of temperatures attaimed in large 
masses of concrete made with a given cement. Of the 
various methods at present available for determining 
the heat of hydration of cements and the consequent 
rise in temperature produced in large masses of con- 
crete during hardening, those of adiabatic calori- 
metry are, Dr. Davey thinks, “ possibly the most 
useful since they offer the advantage that the same 
mix can be employed as would be used in practice 
and the thermal history of the concrete specimen 
reproduces the thermal history of the concrete in the 
interior of a large mass of concrete.” Low-loss 
calorimeters and semi-automatic adiabatic calori- 
meters have been used by various investigators. A 
wholly automatic type of apparatus is, however, 
desirable, and one such has been in use for some years 
at the Building Research Station, but the equipment 
is rather costly. In the course of the investigations 
made for the Sub-Committee on Special Cements, a 
simple and much cheaper form of calorimeter has 
been built in which use is made of a differential 
vapour pressure regulator for controlling the tem- 
perature of the calorimeter. 

Dealing with the prediction of temperature rise, 
Dr. Davey writes: ‘‘ It is particularly desirable that 
these temperature effects in mass concrete should be 
reduced to a minimum by the use of selected cement 
and by the careful design of the concrete mix, and 
that it should be possible to predict from the results 
of laboratory tests of the cement the temperatures 
that may be attained in a mass of concrete made 
with it. The study of the problem at the Building 
Research Station{ has therefore been extended with 
the object of obtaining records of the temperatures 
attained in the concrete of three large dams, and 
to compare these records with the time-temperature 
curves given by laboratory tests of the cements used 
for these works.” One series of observations was 
made on concrete deposited in the Tongland and 
Clatteringshaws dams of the Galloway water power 
works, and the other series on concrete in the Laggan 
dam of the Lochaber works. Dr. Davey gives full 
details of this investigation which has shown that, 
on the basis of such laboratory tests it is possible to 
establish approximate relations which may be used 
for the tentative prediction of the temperature that 
will be reached in a large mass of concrete made with 
a given cement. ‘‘ But,” adds the author, “ it cannot 
be claimed that finality has been reached in this 
investigation, which must be extended to cover con- 
ditions of placing other than those of the Laggan and 
Galloway dams.” 

Herr M. Spindel (Vienna), in his report on ‘“ Special 
Cements,’’ discusses the special problems submitted 
for consideration by the International Committee, 
and suggests that the influence of designed variations 
in the characteristics of special cements on the quality 
of concrete is small in comparison with the influence 
of certain factors in the preparation and placing of 
the concrete. He is of opinion that the objects aimed 
at by the use of a special cement or cements for large 
dam structures could be obtained with normal Port- 
land cement “ treated with suitable admixtures.” 

Dr. R. Sandri (Austria), in ‘“‘ The Question of Tem- 
perature Rise in Large Dams: Thermic Research on 
Cement After Setting,” continues a report prepared 
by the Austrian National Committee on the same 
subject which was submitted to the First Congress 
on Large Dams at Stockholm in 1933. The author 
says that “to measure directly the temperature rise 
in the inner part of completed construction works is 
not sufficient for the clarification of the problem ; 
additional laboratory tests are needed.”’ He describes 
“a novel and efficient isothermic process. .. which 
permits the direct measurement of the amount of 
heat developed by a unit weight of cement per hour.” 
Reference is made to the influence of storage of cement 
in open air in slowing down the setting process. 

The title of the report prepared by Dr. E. J. M 
Honigmann (Austria) is “‘The Determination of 
Compression Strength and the Heat Given Off by 
Concrete in the Interior of Large Concrete Masses 
by Means of the Thermo-electric Calorimeter.” This 
briefly summarises the contents of the paper which 
also includes a description of the planned arrange- 
ment of calorimeters for a large dam of about 300,000 
cubic metres volume. The compression strength will 
be measured in this instance at seventy-six points 
distributed over fourteen horizontal planes and 
twenty vertical sections. ‘‘ Together with the deter- 

t “Correlation between Laboratory Tests and Observed 


Temperatures in Large Dams,” Building Research Technical 
Paper No. 18, 1935. 








mination of the amount of heat given off during 
hardening, the temperature is also ascertained at the 
points of measurement and, if necessary, also the 
internal pressure. All these factors give an accurate 
picture of the thermodynamic and static behaviour 
of the concrete.” 

Monsieur E. Czetwertynski (Poland), in “‘ Tests on 
Composition of Concrete,” deals with the methods 
used in determining the composition of concrete 
employed in the construction of a dam on the river 
Dunajec, near Roznow. Careful and controlled 
grading of the aggregates seems to have been the 
chief factor of success in obtaining a waterproof 
concrete. 

Professor O. Kallauner (Czechoslovakia) and Mr. 
Mitsuzo Fujii (Japan) describe recent progress in the 
production of low-heat special cements in their 
respective countries. Mr. E. Ishii, of the Nippon 
Electric Power Company, in a paper on “ The Effect 
of Internal Temperature of Gravity Dams on the 
Strength of Concrete,” describes an experimental 
investigation, made in 1933-34 at the Unatsuki 
laboratory of his company, of the effect of curing 
mortar, as well as concrete, in high temperatures. 
The tests, which were carried out at temperatures 
ranging from 20 deg. to 70 deg. Cent. over a period 
of one year, showed that specimens cured in tempera- 
tures of 40 deg. to 50 deg. Cent. possess the highest 
strength at an early age ; but that as the age increases 
all specimens, at whatever temperature they were 
sured, ultimately reached an almost equal degree of 
strength. From this he assumes that, even if the 
internal temperature of large masses of concrete 
reaches as high as 60 deg. Cent., no ill effect would 
ensue on the strength of concrete by the heat generated 
in the process of setting and hardening. Deformation 
and cracking due to the rise and fall of temperature 
is, of course, another and very important phase of the 
problem. 

The contents of a report by Professor W. A. Kind 
(U.S.S.R.), on ‘‘ Research Work by the Hydro- 
technical Laboratory of the Scientific Research 
Institute of Hydro-technics in Leningrad on Special 
Cements for Waterwork Constructions,’ are indi- 
cated by its title. The author advocates the use of 
slag and pozzolana-Portland cements in preference 
to ordinary Portland cement for hydraulic con- 
struction. 


THe ‘“ GENERAL REPORT.” 


In his “ General Report’ to the Congress, Mr. 
Savage summarises the properties demanded of a 
cement suitable for massive hydraulic structures, as 
evidenced by several of the “ reports ” presented, as : 


** Evolution of heat As low as possible 


Setting time Long, in order to permit placing 
large volume without undue 
stiffening ~ 

Workability Good, reduced water gain or segre- 
gation 


High after ninety days with sufficient 
early strength to meet the demands 
for early form removal 


Concrete strength 


Density and water re- 
sistance ... ..- Good.” 

“The principal requirements,’ Mr. Savage says, 
“seemed to be that the cement have low heat of 
hydration, high resistance to the action of aggressive 
waters and other disintegrating agents, and reduced 
tendency toward cracking. The attention of the 
laboratories throughout the world was engaged in 
acquiring a better understanding of the factors 
affecting temperature rise, permeability, strength, 
time of setting, workability, shrinkage, and extensi- 
bility of cements and concretes. With such under- 
standing, cements could be specified whose undesir- 
able qualities for mass construction were reduced to 
a minimum. A direct outcome of this intensive 
search was the low-heat Portland cements developed 
in the United States and in Sweden.” 

The diversity in type of cements in recent use for 
concrete dams is illustrated by the following tabula- 
tion compiled by Mr. Savage from the reports sub- 
mitted at the Congress :— 


Name of dam. Country. Type of cement. 
Laggan Great Britain Standard Portland 
Tongland G,..: Standard Portland and 
rapid-hardening Port- 
land 

Clatteringshaw ... Do... Portland-blast-furnace 
slag 

Vargon ; . Sweden Low-heat Portland 

Krangede ..._... Do.... Pozzolan with low-heat 
Portland 

Dejefors Do.... Pozzolan with standard 
Portland 

Tsukahara ... Japan Moderate heat Portland 

Barbellino ... Italy ... ....... Ferric cement 

Owyhee United States ... Standard Portland 

Morris 1 se Low-heat Portland 

Boulder Do.... Low-heat Portland and 
a blend with standard 
Portland 

Bonneville ... Do... Portland-pozzolan 

Norris i. Do.... Modified Portland 

Grand Coulee Do.... Do. 

Tygart Do.... Do. 


“The relative suitability of the different types of 
cements used in the dams listed above cannot be 
judged without a clear understanding of the condi- 
tions obtaining for the respective jobs, which can 
be found in the individual reports. The examples 
given serve to illustrate the universal interest being 
displayed in the question of the best type of cement 
for concrete dams. Substantial future progress 
in this matter will doubtless be dependent in large 
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measure upon a more thorough understanding of 
the reactions involved in cement hardening processes, 
which understanding can be acquired only through 
basic researches in the field of cements and concretes.”’ 

In an addendum to the general report, Mr. R. F. 
Blanks brings under review the Interim Report of 
the International Sub-Committee on Special Cements, 
to which reference has already been made. This 
document was available for general distribution too 
late for specific reference to be made to it by Mr. 
Savage. Mr. Blanks welcomes and endorses the work 
of the Sub-Committee, but concludes his summary 
and appreciation with the following paragraph :— 

‘As a complement to the plan for developing 
standard test methods for the five selected properties, 
it is assumed the Sub-Committee contemplates that 
cements tested by such methods will likewise be 
tested for revealing their chemical and physical 
properties. This is considered a matter of the 
greatest importance, particularly with respect to 
cement fineness and chemical composition which 
play so prominent a réle in the physical behaviour 
of the concrete and, consequently, in the interpreta- 
tion of the various test data. So dominant, in fact, 
is the influence of fineness on some of the properties 
of cement in concrete, at least within a certain range 
of specific surface, that provision for its reliable 
determination might easily be considered of greater 
concern in the study of special cements than any 
of the test methods dealt with in the Sub-Committee’s 
Interim Report.” 

Discussion ON * Question ”’ IIT. 

The discussion on Question III, which occupied 
the morning session on September 9th, proved to be 
the most interesting of the series held during the 
Congress. It was presided over by Mr. Bo. Hellstrém, 
who is the chairman of the International Sub- 
Committee on Special Cements. Mr. James Rickey, 
chief hydraulic engineer of the Aluminium Company 
of America, said that his company had built seven 
dams having a total volume of 2 million cubic yards 
of concrete. He welcomed the work of the Sub- 
Committee, and emphasised the importance of further 
research on co-operative lines. Mr. R. F. Blanks 
discussed the Interim Report of the Sub-Committee, 
emphasising the need of satisfactory tests of fineness 
and chemical composition. Mr. P. H. Bates, the 
Chief Chemist of the U:S. Bureau of Standards, 
Washington, was appreciative of the work of the 
Sub-Committee, and deplored the multiplicity of 
specifications. His remarks gave an impression that 
the views of the Bureau of Standards’ experts and 
of the Bureau of Reclamation engineers and chemists 
relative to some of the difficult problems of cement 
testing do not always coincide. He suggested that 
in reality three different types of cement seemed to 
be needed for large dam construction, one for the 
upstream face, another for the centre, and a third 
for the downstream face. The volume change in the 
first twenty-four hours produces, Mr. Bates thought, 
the principal strains in concrete. 

Lord Falmouth, the leader of the British Govern- 
ment delegation at the World Power Conference and 
the Congress, Sir Harold Hartley, and Mr. N. G. 
Gedye, urged the need of increased international 
co-operation in the study of the problem of cement 
for massive concrete constructions, and asked for the 
active and more direct participation in the future of 
American experts in the work of the International 
Sub-Committee. : 

Professor O. Graf (Germany) spoke of shrinkage 
effects and of the advantages of a bending test over 
tensile tests. Several speakers, both American and 
European, stressed the importance of further investi- 
gation of the elastic and plastic properties of concrete, 
especially at early ages. 

Monsieur Mary (France) spoke of the tests on 
permeability carried out in France for the Inter- 
national Sub-Committee. Dr. F. M. Lea, of the 
Building Research Station, Watford, who is, in 
fact, largely responsible for the composition of the 
Sub-Committee’s report, contributed to the discussion 
a well-considered review of the points of difference 
between cement chemists—American and European 
—on some of the matters dealt with in the report of 
the Sub-Committee and in Mr. Savage’s paper. Mr. 
J. H. A. Brahtz, one of the younger engineers of the 
U.S. Bureau of Reclamation, contributed useful 
criticism; his remarks on this occasion, as on others 
during the Congress, were always to the point and of 
substance. Mr. K. Friis (Norway) wanted a cement 
that will stand up against acid and sea waters. 

Mr. Lennart Forsen—the author of two papers— 
Mr. S. Giertz-Hedstrém, and Mr. Alex Ekwall 
(Sweden), spoke of the successful use of low-heat 
cements in that country, and of the new tentative 
standard specification for cement in Sweden. Mr. 
Forsen did not agree with other speakers and authors 
that high fineness is essential, but said that low-heat 
cement can be obtained from coarse grinding, with 
the advantage of a slow set and a long gain in strength. 

Other speakers were Dr. Honigmann (Austria), 
Mr. A. Ruettgers, of the Bureau of Reclamation, and 
finally, the Chairman, Mr. Hellstrém. 


MEETING OF THE INTERNATIONAL SuB-COMMITTEE. 


The discussion at the open Congress session was 
continued during the afternoon of September 9th 
at the meeting of the International Sub-Committee 


to members of that Committee, by a number of 
American and European cement experts and engi- 
neers. The “round table” character of the con- 
versation at this meeting did much to eliminate small 
points of difference, and to bring into closer agreement 
views as to the direction and aims of future research 
and experiment. 

The following resolution on Question III was 
discussed and was subsequently adopted at the 
executive session of the International Commission 
on Large Dams held on Friday, September 11th :— 

‘** It is recommended that the following tentative 
methods of testing cement for large dams should be 
used :— 

“(1) For testing heat of hydration; the sim- 





plified adiabatic method as described in Appendix 
2 of the Interim Report of the International Sub- 
Committee on Special Cements for Large Dams. 

** (2) For testing the action on cement of water 


percolating through concrete; the extraction 
method as described in Appendix 5 of the Interim 
Report. 

(3) For testing permeability ; methods 
described in Appendix 7 of the Interim Report. 

“It is further recommended that Governments, 
municipalities, companies, and private under- 
takings, should include, whenever practicable, the 
above-mentioned tests in the specifications for 
cements to be used in large dams.” 


as 





(T'o be continued.) 
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East Bay Crossine PIERs. 


NLY two of the piers of the East Bay crossing 
are seated on rock, because of the great depth at 
which rock underlies the line of the bridge elsewhere. 
Physical circumstances compelled the adoption of 
two different means of providing foundations for all 
the other piers. Three of the piers adjacent to the 
channel just east of Yerba Buena Island have notably 
deep foundation—the seal of one being at —242ft., 
while the two others are sealed at a depth of — 183ft. 
These three piers were grounded at their prescribed 
depths with the aid of a novel type of false-bottom 
caisson. The seventeen remaining piers, which are 
supported on pile foundations, were constructed 
within steel sheet piling cofferdams that marked a 
decided departure from general practice. The means 
and methods employed were the outcome of collabora- 
tion between the contractor’s engineers and the 
experts of the San Francisco-Oakland Bay Bridge 
Division. 
Pier E-1 rises well in from the water front of Yerba 
Buena Island and serves as the anchor pier for the 
western side span of the cantilever bridge. Pier E-1 





is set in a rock excavation and its construction 


San Francisco-Oakland Bay Bridge. 


No. 


II. 
541, November 20th.) 


times the longitudinal area of the structure, and the 
seismic factor allowed for the entire bay crossing is 
10 per cent. of gravity. Possible transverse forces 
can be neutralised by the large base dimensions of 
the piers for the towers, but the longitudinal forces 
are transmitted to piers E-1, E-9, and E-17, that 
are designed to function as anchor piers. Such other 
piers in the East Bay structure that rest on pile 
foundations are arranged to absorb pronounced 
longitudinal stresses through the flexibility of the 
surmounting steel bents. The concrete in all the 
piers, except in the seals, is heavily reinforced. 

The dimensions of the three false-bottom caissons 
were :— 





Average Greatest Number of 

Pier. Dimensions. depth of depth of false 
foundations. foundations. bottoms. 

E-3| 79’ 5”x 133’ 10” — 233 242 28 
E-4, 59’ 5”x 89’ 8?” —177°8 183 15 
E-5| 59’ 5” 89’ 83?” -177 — 183 15 
Caisson E-3 was sealed 50ft. above the rock, the 
intervening formation being stiff clayey sand and 








involved nothing new. Pier E-2 is at the water's 
edge of the island ; it carries the western tower of the 
cantilever bridge, and the pier was built within an 
open cofferdam of steel sheet piling. The pier base 
is on rock at El. —56, and the work was done in a 
conventional way. The seating of pier E-3, the 
foundation for the eastern cantilever tower, presented 
a truly difficult problem, as did also piers E-4 and E-5. 
The caissons used to reach suitably supporting 
ground at great depth had to penetrate a much 
diversified formation, and the foundations had to be 
of sufficient stability to meet strong wind forces as 
well as possible seismic disturbances. The centre of 
gravity of such forces is about 210ft. above low-water 
level. The assumed maximum wind pressure is 





on Special Cements, which was attended, in addition 








30 lb. per square foot‘at rightjangles on one and a-half 








BASE OF TOWER No. 2 OF WEST BAY_ CROSSING 


gravel. Caissons E-4 and E-5 were sealed in a stratum 
of sandy clay that has a moisture content of as much 
as 37 per cent. Light steel sections, shop fabricated, 
formed the cutting edges of the three caissons, and 
two were assembled on a marine railway, while 
caisson E-3, of greater size, was erected on launching 
ways. The cutting edge structure of all three caissons 
had a height of 1lft. and was double-walled with 
intervening bracing. The cofferdam sections had 
external walls of timber, which were tied by horizonta! 
braces to the internal steel wall formed of plating and 
suitably stiffened with I bars and channels. The 
intramural space was 4ft. wide. The rectangular 
dredging wells were framed by transverse and longi- 
tudinal walls, 3ft. apart and interbraced. The spaces 
between the various wall systems were progressively 
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filled with concrete after the vertical reinforcing bars 
were placed. In this manner the deadweight of a 
caisson was increased so as to force it, stage by stage, 
deeper into the water bed. External water jets, 
arranged longitudinally at vertical intervals of 3it., 
served to overcome skin friction, and other and larger 
water jets were disposed along the inner slope of the 


cutting edge near the bottom line. The various 
groups of jets could be brought into action at any 
point where needed. The cutting edge jets were used 
in two instances to assist in cleaning the foundation 
area prior to placing the concrete seal. 

The heavy planking of the false bottom was laid 


was at an average rate of 1- 83ft. per twenty-four-hour 
day. The timber walls of the three false bottom 
caissons were built to a height of 66ft. while the 
caissons still floated, but above that elevation the 
sides were made up of steel panels that were extended 
to the ultimate required top of each of those structures. 


SEALING FatseE Bottom CalIssons. 
Concrete for the bottom seal of each of those 
caissons was placed in three major stages after the 


caisson had penetrated the water bed to the required 
depth. First, twelve of the centrally located trans- 





verse wells, in three rows parallel with the center line 





was put inte the chamber after each deep sub- 
mergence. 
Piers Burtt WITHIN COFFERDAMS. 

The seventeen cofferdams within which the 
remainder of the East Bay crossing piers were built 
were somewhat novel. They were so constructed 
that they could withstand the pressure of. external 
water with a modicum of internal bracing, and yet 
be: able to keep the volume of leakage lower than 
is customary with the usual sheet pile cofferdams 
under equivalent conditions. The steel sheet piling, 





72ft. long, was driven to El.—60—that is, 1L5ft. 
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SUSPENSION BRIDGE ACROSS WEST BAY AS SEEN FROM SAN FRANCISCO 


4}ft. above the bottom line of the cutting edge to 
induce a cupping action between the mud and the 
caisson so as to check any tendency to slide, particu- 
larly when the cutting edge first touched the water 
bed. The several features of the bottom locking 
system were so tied together by cable loops of different 
lengths that the various parts would be disengaged in 
a designed sequence when the lifting pull of a derrick 
was applied. Because of that provision, as many as 
twenty-four false bottoms were thus removed in only 





six hours from the largest of the caissons. Caisson E-3 


of the bridge, were dredged to an average depth of 
65ft. below the level of the cutting edge, and into 
the trench so formed, after cleaning, concrete was 
deposited with 2 cubic yard bottom dump buckets 
until the concrete was high enough to furnish support 
for the caisson during the subsequent excavating at 
the remaining wells. The next step entailed the 
dredging of the end wells near to the cutting edge, and 
the excavation was carried down as before below the 
cutting edge and the trenches and the adjacent cutting 
edge structure cleaned preparatory to placing those 








TOWER OF WEST BAY CROSSING 


settled into the water bed fully 20ft. before any of its 
false bottoms were lifted out, the mud being so soft 
at one corner that the structure heeled 2ft. diagonally. 
Any further settling at that point was arrested by 
dumping excavated material at the outside of the low 
corner. The four false bottoms at the low corner 
were left in place until the caisson was restored to 
an even keel, and the balancing operations were 
carried so successfully to their final stage that the 
caisson was brought to rest at El. —242 within 8in. 








of its prescribed position. The sinking of caisson E-3 








Welponeer 


sections of the seal. Finally, the four wells located 
between the concreted wells were dredged, cleaned, 
and filled with their sections of the seal. With the 
seal in place any slime or mud on top of the sub- 
merged concrete was pumped away after jetting, and 
an especially qualified diver was sent down to make 
sure that the primary seal was in a proper condition 
to receive the remainder of the seal which was to be 
carried on upward to the top of the pier. <A barge, 
mounting a compressor plant and a recompression 


below the bottom of the concrete seal and 10ft. 
below the layer of gravel placed directly beneath 
the concrete seal. On the outside of every fourth 
pile, a 36in. I beam was secured to it vertically, thus 
forming a succession of master piles 5ft. apart. Along 
the top and inside the cofferdam on each of the four 
walls, a stiffening member was attached consisting 
of two 18in., 47 lb. H beams, and to those beams 
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EYE-BARS AT SAN FRANCISCO ANCHORAGE 


were fastened longitudinal and transverse timber 
braces, 14in. by 16in. in cross section. Before any 
of the sheeting was driven each pier site was dredged 
to El.—24, and then a steel guide frame, large enough 
to direct the driving of three master piles at one 
setting, was used to assure accurate placing. A 
second guide frame, engaging the first frame, was 
used in driving the next group of master piles, and 
the two frames alternated in extending the four walls 
of the cofferdam. It was easy to drive the intervening 
and interlocking sheeting. It is said that the coffer- 
dam walls were so tight that the average leakage 
in the seventeen cofferdams did not exceed 500 gallons 
a minute. The four walls of a cofferdam were driven 
in succession, and one after the other each corner 
was closed with a V joint formed of two pieces of 





chamber, moved from place to place for the diver, who 





steel sheet piling driven as a unit. Immediately after a 
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cofferdam was completed by. the arranging of the 
cross top bracing the enclosed area was excavated 
down to El.—50, the inner surfaces of the walls 
cleaned by jetting, and ‘the underpinning timber 
piles were driven below the bottom of the excavation 
to an additional penetration of 65ft.—the projecting 
upper ends of the piles were left standing to be 
embedded in the concrete of the basic seal. Each 
pier is underpinned with about 300 piles. 

The projecting piles were examined by a diver 
and any damaged tops were cut off, after which a 
layer of gravel, ft. thick, was spread over the 
bottom of the excavation to serve as a clean bed 
on which to place the concrete of the seal. The 
concrete was tremie placed, and had a thickness 
of from 16ft. to 18ft. A week after placing the 
seal, a cofferdam was unwatered, and when the surface 
of the seal had been cleaned, then the surmounting 
pier structure was reared in the dry. Above its 
base each pier is of cellular construction to reduce 
its weight, but is reinforced so as to give it sufficient 
strength. All direct and seismic loads are assumed 
to be borr 9 by the piles. 

At each cofferdam there was a double-deck gantry, 
mounted transversely, which travelled on a rail 
laid on the top of each long wall of the cofferdam. 
There were three tremie hoppers on the lower deck, 
and on the deck above, moving transversely on the 
rails, there was a hopper car that discharged concrete 
successively into each tremie. The car was driven 
by a 30 H.P. motor. The tremies were lifted as the 
seal was built up, and the position of each tremie 
pipe could be controlled exactly. The underwater 
conerete developed a strength of 3657 lb. per square 
inch in twenty-eight days, and the surmounting 
structural concrete developed a strength of 4436 Ib. 





BRIDGE CABLE 


CROSS-SECTION OF SUSPENSION 


per square inch in the same period. The master 
piles and the steel sheeting at each cofferdam were 
pulled when work there was finished. Jetting was 
employed to aid in extracting the steel members, 
and the steam-driven pile extractor could exert a 
pull of 150 tons. A concrete column at each end of 
each pier carries its share of the load of the sustained 
steelwork. Concrete for the East Bay crossing, 
delivered in transit-mix barges, was also supplied 
by the Henry J. Kayser Company, which furnished 
the concrete for the West Bay crossing. 


West Bay SuspENsION TOWERS. 


The two outer towers rise to an elevation of 474ft. 
above low water. The sustaining piers are them- 
selves 40ft. above the water. The two intermediate 
towers have a height of 519ft. above low water— 
this added height is required because the bridge 
truss spams are to have a maximum elevation of 216ft. 
above the water at the great central anchorage pier. 
All four towers are said to be the first of the batter-leg 
type to be built for a suspension bridge of major 
dimensions. The tower legs incline inward and taper 
from their bases upward. The legs are of silicon 
steel, while the diagonal bracing and other structural 
members of the towers are of carbon steel. Each 
leg is cruciform in section, and at its base is made 
up of twenty-one cells separated by steel plating 
ljin. thick. Throughout the greater part of each 
tower it is of thirteen cells, but immediately below 
its top the tower section is of nine cells. The cells 
are intercommunicating and equipped with ladders 
that facilitated the movements of. painters and 
riveters. The centre cell in each leg measures 7ft. 
by 8ft. in plan, and temporarily served during the 
construction period as a well in which to mount the 
118ft. mast of one of the two hammer-head derricks 
used in erecting a tower. The towers and anchorage 
pier are illustrated on page 576. 

The suspension cables carried by the towers will 
have a possible live load of 4000 lb. per lineal foot 
of cable, and, in addition, an unbalanced live load 
somewhat greater than 3000lb. per lineal foot. 
The average dead load of the suspended structure, 
including the cables, has been computed at 20,000 Ib. 
per lineal foot. According to the chief engineer, 
Mr. C. H. Purcell: ‘“‘ Extreme load conditions 
therefore result in a longitudinal movement with 
the bridge—that is, east and west—of 6ft. 6in. at 
the top of tower W-2, near the westerly end of the 
bridge. This extreme deflection is due partly to the 


existence of 890ft. of the unloaded length of each 





of the cables between the end of the suspension 
bridge and the San Francisco anchorage. With such 
movement necessary, a quite flexible tower was 
required.” This makes clearer the reasons for the 
structural arrangement of the towers. Stresses in each 
tower were calculated for transverse loading due 
to a 90 mile an hour wind or to an earthquake— 
the seismic stresses being computed at one-tenth 
acceleration of gravity in both longitudinal and 
transverse directions. It willbe recalled that the 
San Andreas fault, which has caused damage in the 
past to San Francisco, crosses the Golden Gate 
about 8 miles to the westward of the San Francisco- 
Oakland Bay Bridge. In tower W-2 reinforcing 
plates were added to that particular structure where 
the maximum bending stresses are more severe than 
at the other towers. The towers were fabricated 
and erected by the American Bridge Company, sub- 
contractor to the Columbia Steel Company, which 
is the general contractor for the entire superstructure. 
The San Francisco anchorage is a massive body 
composed of 68,000 cubic yards of reinforced concrete. 


SUSPENSION CABLES. 


Each of the two main suspension cables is 28}in. 
in diameter, after compacting, and is made up of 
17,464 parallel wires, each 0-195in. in diameter. 
Prior to spinning, the galvanised wire was required 
to show a tensile strength of 220,000 Ib. per square 
inch and had to be able to undergo coiling around a 
fsin. rod without any indication of fracture. Each 
cable was squeezed to its final diameter by a compact- 
ing machine equipped with six screw-operated radial 
jacks geared together. Each pack was able to develop 
a pressure of 75 tons. The entire length of each cable 
has been compacted. Each spinning machine carried 
a 4ft. spinning wheel that had two grooves, so it 
could carry two loops of cable wire, and each spinning 
machine travelled the entire length of the associate 
footbridge. The two footbridges were floored with 
wire mesh that served to save weight and incidentally 
to lessen wind resistance. Each cable was given a 
heavy coat of red lead paste before it received its 
final wrapping of No. 9 galvanised wire. The squeeze 
of that weatherproof covering acted to force the 
red lead paste deeper into the outer interstices of the 
cable structure, and to that extent is counted upon 
to impede the penetration of moisture. The per- 
centage of voids in the contracted cable is about 
18-5, and therefore considerably lower than that of a 
number of large suspension bridges built within the 





last decade or so. The footbridges were supported 
by 2}in. wire ropes that have been used in the sus- 
penders of the finished spans. 

East Bay CANTILEVER SPAN. 

The East Bay cantilever span is the largest struc- 
ture of its kind in the United States, and ranks third 
in comparison with other bridges of the same type 
elsewhere in existence. Comparatively little has 
been written about this feature of the entire bay 
crossing because of the greater emphasis laid upon the 
twin suspension spans and the work connected with 
their piers and towers. Nevertheless, the East Bay 
cantilever bridge ranks next after the Firth of Forth 
and the Quebee cantilever bridges. The double- 
decked East Bay cantilever bridge is so massive in 
its construction as to have necessitated a variation in 
practice in closing the centre span, which has a clear 
length of 1400ft., consisting of two cantilever arms, 
each 412ft. long, and the intermediate suspended 
span that is 576ft. long. The combined weight of the 
span and its two associate bents is substantially 23,000 
tons. Instead of moving the closing section to loca- 
tion on barges, as has previously been generally done, 
it was decided, because of the weight involved, the 
height of the lift, and the difficulties of floating the 
assembled structure upon possibly rough water, to 
erect the entire span as a cantilever. That course was 
followed, and guy derricks of relatively light weight 
were utilised in progressively building out the oppos- 
ing sections of the centre span until they were close 
enough to each other to effect the final closure. The 
latter operation was effected with the aid of eight 
hydraulic jacks, each capable of exerting a thrust of 
500 tons, and in that way ultimate adjustment was 
made that permitted the permanent connection of the 
two sections of the suspended span. 

It will be recalled that the Firth of Forth Bridge. 
built in 1890, was constructed of what would now be 
classed as medium carbon steel, while the Quebec 
Bridge, of much later date, is made up of 73 per cent. 
of carbon steel and 27 per cent. of nickel steel. The 
East Bay cantilever bridge is fabricated of 34 per cent. 
of carbon steel, 40 per cent. of silicon steel, heat- 
treated eye-bars, 10 per cent. and 16 per cent. of 
nickel steel. It is thus easy to see the increasingly 
important part played by the metallurgist in the 
intervening years in developing alloy steels better 
capable of meeting, for a given unit weight, present- 
day requirements. 

(To be continued.) 








Letters to 


the. Editor. . 


(We do not hold ourselves responsible for the opinions of our correspondents.) 


RAILWAY ELECTRIFICATION. 


Sir,—With reference to Mr. Richardson’s reply to my 
letter which appeared in Tus Enotnezer for October 
23rd, I am not at all satisfied with his opinion as regards 
the difficulties in changing from steam to electric at 
Preston Junction if the lines were electrified, and I have 
written to America to try and find out what they do there 
on their electrified lines when changing from steam to 
electric. 

When I receive a reply to same I will let the Editor 
have particulars. In the meantime, I would like to refer 
to the other part of Mr. Richardson’s letter. I am not 
against the steam locomotive altogether, and no doubt 
it has a long life yet, and I for one would welcome a 
laboratory in this country for the development of same 
as mentioned by Mr. Gresley in his recent address. But 
there are one or two points I would like to remind Mr. 
Richardson of. 

The steam locomotive has reached the limit of the 
loading gauge, and it is only by means of the electric 
tractor that extra power can be gained to keep within 
the gauge. 

The Garratt locomotive has been designed for that 
purpose, but even then it has its limits. In Mr. Wright’s* 
paper, referred to in my previous letter, he says: “‘ The 
fundamental index to the output of a steam locomotive 
is its fire-box grate area, since, other things being equal, 
the horse-power developed by the locomotive depends 
on the rate at which the fuel can be burned.... The 
maximum output occurs when the rate of firing is about 
150 lb. of coal per square foot of grate area per hour. 
The maximum thermal efficiency, however, occurs when 
the locomotive is developing only about half of its 
maximum output.... Sir Henry Fowler has given the 
values 0-083 Ib. and 0-068 Ib. per ton-mile respectively 
as the fuel consumption to be expected from simple and 
compound engines.... The possibilities of increasing 
the weight efficiency of the steam locomotive seem to 
lie in the direction of higher steam pressures, super- 
heating, compounding, and more efficient combustion. . . . 
that the improvements noted recently consist principally 
in refinement of a rather imperfect machine by the 
addition of superheaters, feed-water heaters, and so on. 
In these respects locomotive practice has followed 








* Coopers Hill Ware Memorial Medal paper on “ Electrifica- 
tion of Railways,” I.E.E. Journal, 1935, by A. M. Wright. 


-| took over the Wirral Railway. 
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stationary practice. Modern stationary water-tube 
boilers, however, using steam pressures up to 1000 Ib. 
per square inch and temperatures approaching the 
critical, show no adaptability to locomotives. We 
must therefore conclude that future progress will follow 
the trend of the past, in the direction of heavier locomo- 
tives, with the addition of refinements such as boosters, 
automatic stokers, &c., but with slow improvement of 
weight efficiency.... In the electric locomotive, on 
the other hand, the prime mover may for practical pur- 
poses be considered to have an infinite capacity... . 
The only limitation of the electric tractor is its ability 
to transform the energy drawn from the contact line ” 
or, in a few words, I have seen stated elsewhere that 
the electric tractor is only limited as regards its power by 
the temperature of its windings. 

In conclusion, I would just like to refer to Mr. Richard- 
son’s reference to the fact of one Garratt locomotive 
doing the work of three electric locomotives which has 
been partly answered by Mr. Johnston. They are building 
electric tractors now of 5000 H.P., and they are in use in 
Switzerland and America. On the Virginia Railroad there 
is a coal train, probably the heaviest in the world—16,000 
tons—driven by six electric locomotives of 2000 H.P. 
each with only two crews. 

Some of the trains crossing the Rockies have to have 
five or more steam locomotives to do the work, which 
could and is being done on the Milwaukee and St. Paul 
Railroad by two electric tractors crossing the Great 
Divide about 5000ft. above sea level. 

There is just another point in Mr. Richardson’s letter, 
and that is with reference to the ‘“ Blackpool Area.” 
There is a large local traffic and cheap tickets on the rail- 
ways are issued to encourage same. On the Lytham St. 
Annes, on which I am personally interested, weekly 
tickets are issued from St. Annes to Blackpool, 5} miles 
for Is., available all day on Saturday and Sunday, and 
after 4 p.m. on week days, but in spite of that large 
numbers of passengers prefer to take the bus, which runs 
parallel to the railway, paying 8d. return for one return 
journey. It seems to me the only salvation of the railway 
is ‘to electrify to get the traffic back. The bus has only 
been running for about two years and is well patronised. 

The Wirral Railway is going ahead with its electrifica- 
tion, and would probably have done long ago only for 
the difficulty of the two companies—the Wirral and the 
Mersey Tunnel—coming to terms before the L.M. and 8. 
The buses have got a 
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good hold on the other side of the Mersey, and here again 
the electrification seems to be the railway company’s only 


salvation. CHaries Rertir. 

Liverpool, November 18th. 

BIOLOGICAL ACTION AS THE CAUSE OF AN 
EXPLOSION. 


Str,—The uncommon and obscure cause suggested in 
explanation of this fatal explosion and your interesting 


reference to the citcumstances as disclosed during the 
inquiry caused me, and probably many other readers 
of Tor ENGINEER of October 16th, to refer to the Home 
Office report. The importance attaching to these investi- 
gations and the publicity you have given to this particular 
case encourage me to make a few comments if they may 
be considered to be useful. 

Among the possible causes considered by the Inspector, 
No, 4 relates to the disturbance caused by men going up 
the tank ladder and walking over the roof, causing heating 
between it and the supporting structure, or, alternatively, 
dislodgment of scale coating or crust and the exposure 
of chemically active surface, or the release of enclosed 
spontaneously inflammable gas. This possible cause is 


dismissed principally because there must previously have | 


been many occasions when men have walked over this 
tank top and other tanks at times when the tanks con- 
tained inflammable air vapour mixtures. 

Cause No. 5, relating to spontaneous ignition of the 
iron sulphide occurring as the result of biological action, 
is referred to in the report as the possible cause of the 
explosion in the absence of any further evidence. The 
argument against adoption of No. 4 cause seems, however, 
to apply with no less effect to No. 5, for again there must 
have been previous occasions when this particular form 
of iron sulphide was present in the tanks and equally 
capable of igniting an inflammable mixture. 

In contributing your “ link ” to the chain, you attribute 
ignition to the impact of the falling tool, upon the tank 
bottom where coated with pyrophoric iron sulphide, 
but in the report there is evidence to the effect that this 
tool was on the floor of the tank shortly before it was 
closed for testing, and if this was so in fact, then another 
cause of ignition has to be found. Is it not possible that 
the tin of red lead paint, used for coating the rivets of the 
crown plate of the roof, fell from the staging, or the upper 
part of the tank structure, and so was as effective as 
the holding-up tool on impact upon the tank bottom or 
the swing pipe? Your “ pyrophoric”’ link seems so 
sound that I feel impelled to supplement it with the 
suggested fall of the tin in place of the tool upon which 


doubt is thrown. 


Whether the tool or the tin, or any other falling object, 
such as a forgotten nut or washer, may have been the 
impact instrument is, of course, immaterial, and does not 
diminish the strength of your “link” in completing, or 


endeavouring to complete, the chain in explanation of a 
remarkable occurrence. E. G. E. Beaumont. 

London, W.C.2, November 18th. 

[Following Dr. Watt’s experiments in which a mild 
steel bar of the same dimensions as the holding-up tool 
was dropped from 30ft.—the height of the tank—on to a 
mild steel plate that had been covered with petrol, one 
of the workmen reported that on the day previous to 
the explosion he had seen the tool lying on the bottom 
of the tank. Unless therefore the tool was subsequently 
placed on the overhead staging its fall therefrom could 
not have been the cause which initiated the pyrophoric 
action of the iron sulphide. We are quite ready to accept 
Major Beaumont’s suggestion that the object which 
fell was the tin of red lead or some other body. There 
was plenty of opportunity for something to fall. The 
exact nature of the object which did fall is not of primary 
importance.—Ep., THE E.] 

CAPITAL SHIPS AND AIRCRAFT. 

Sin,—The Secretary of State for Air has clarified the 
position for both of us. 

Speaking in the House of Lords on Tuesday, November 
17th, Lord Swinton said, according to the Official Report : 

‘* T pause for a moment to deal with . . . the calculation 
respecting medium bombers and battleships in paragraph 
44 of the Report. There is a figure taken of forty-three 
medium bombers. Of course, that does not mean for a 
moment that you can buy a battleship for the same 


Mediterranean are arteries which, if cut, would mean that 
we bleed to death. What about the heart being smashed 
first, and what is the good of an artery afterwards? An 
artery may have a ligature put on as a temporary 
measure.”’ E. C. Bowyer, 

Chief of Information Department. 

The Society of British Aircraft Constructors, Ltd., 
London, W. 1. 
November 20th. 





ENGINEERS AND ECONOMICS. 


Siz,—In your issue of October 30th, under the heading 
“ Engineers and Economics,” there appears a letter from 
Mr. Hugh Vowles, criticising the failure to apply scientific 
method to the study of economics, and suggesting at its 
close that it would be well if engineers applied their con- 
structive methods to the evolution of an economic theory 
that will work. 
In agreeing with his suggestions, I would recall a 
report in your columns that an effort is already being 
made to carry out that suggestion. 
In your issue of May 24th, 1935, page 537, you published 
a report of the Engineers’ Study Group, who are carrying 
out precisely the class of research that Mr. Vowles so 
ably advocated. 
They have already produced an interim report analysing 
a number of schemes and proposals for economic and 
social reform, and also @ report on the design of a family 
budget, and much detailed work is being carried out by 
sub-committees and individuals. It seems, therefore, 
that he and others who think as he does, might with 
advantage ally themselves with that Group. 
The address of the Hon. Secretary—Mr. A. H. Hayes— 
is 75, Gloucester-place, Portman-square, W.1. 
London, 8.W.1, November 16th. W. Scorr Hm. 








The British Institution of Gas 
Engineers. 


Wiru the President Mr. Stephen Lacey, (chief controller 
of gas sales of the Gas Light and Coke Company), in 
the chair, the autumn meeting of 1936 of the British 
Institution of Gas Engineers was opened on Tuesday, 
November 3rd, in the Lecture Hall of the Institution of 
Mechanical Engineers in Westminster. After the usual 
preliminary business, the President presented the Diplomas 
in Gas Engineering (Manufacture) to eight successful 
candidates, and a Diploma in Supply to one of the 
candidates. 
It was announced that the Council had awarded an 
Arthur Duckham Memorial Fellowship to Dr. Edward 
Haffner, research chemist, Gas Light and Coke Com- 
pany. The objects of the award are the promotion and 
encouragement of investigation and research into matters 
connected with the manufacture, distribution, and utilisa- 
tion of gas and its by-products. The value of the Fellow- 
ship is £350 per annum. Dr. Haffner will proceed to 
Karlsruhe, where, under Dr. Bunte, he will be engaged in 
research work of an important nature. 
Sir Francis Goodenough presented the thirteenth 
Report of the Education Committee, 1935-6, and the 
thirty-eighth Report of the Joint Research Committee 
of the Institution and Leeds University was presented 
by E. V. Evans, the Vice-Chairman (South Metropolitan 
Gas Company). It dealt with the subject of “ Corrosion 


tion was probably due to the preliminary difficulty of 
evolving, from the somewhat elaborate instructions, a 
simple form of procedure which could be followed with- 
out too much work, particularly clerical work, when 
possibly no clerical assistance was available. Mr. G. M. 
Gill (Consulting Gas Engineer, Westminster), Mr. R. W. 
Hunter (chief engineer, Gas Light and Coke Company), 
Mr. F. M. Birks (mechanical engineer to the same com- 
pany), Mr. Charles Shapley (Engineer to the Gas Depart- 
ment of the Leeds Corporation), and Mr. Arthur Valon 
(Consulting Gas Engineer, Westminster) continued the 
discussion, and Mr. Thomas Hardie replied on behalf of 
his Committee. 

Next there was a Report on the ‘‘ Removal of Sulphur 
Compounds from Town Gas to 10 Grains per 100 Cubic 
Feet,” and a paper on “ The Formation of Nitrogenous 
Gum during Storage and Distribution of Gas,’ by H. 
Hollings, N.Sc., chief gas chemist, the Gas Light and Coke 
Company. 

At the closing session in the afternoon, a paper by 
A. R. Bennett, M.Se., on ‘An Integrating Method 
for the Measurement of the Total Radiation Emitted by 
Domestic Heaters,” was read and discussed. Its co-author 
was Dr. Harold Hartley, D.Sc., of the central research 
laboratories of Radiation, Ltd. 

The second Report of the Research Executive Com- 
mittee was then received, and a general discussion of the 
Committee’s work ensued. It was announced that the 
seventy-fourth annual general meeting of the Institution 
would be held in London on June Ist, 2nd, and 3rd, 1937, 
and that the next annual Research Meeting would be held 
in the same city on November 2nd and 3rd, 1937. 








SIXTY YEARS AGO. 


In our issue of December Ist 1876 we returned to the 
discussion of the repeated disasters which were befalling 
the machinery of British warships and pressed once more 
for the appointment of an Engineer-in-Chief to the Navy. 
Even since our previous issue in which as noted last week 
we had broached the subject, a fresh mishap had occurred. 
The “ Alexandra,” possibly the most powerful man-of- 
war then afloat, had returned from her first trial trip with 
a defective crank pin. Later she had damaged one of her 
ce peri during a trial in harbour. Then when all had 

in repaired she proceeded .on a six hours’ steaming 
trial but it had to be abandoned because a crack developed 
in one of her cylinders. It was true, we said, that certain 
ships were running very well with cracked and mended 
cylinders and it was just possible that if the ‘‘ Alexandra’s ”’ 
cylinder were repaired it might be stronger than before. 
Still a cracked cylinder was a very serious defect and no 
chief engineer with one in his charge however skilfully it 
had been mended would hear the order to go full speed 
ahead without trepidation. We did not blame the builders 
of the engine for the breakdown but fastened responsi- 
bility for it upon the Admiralty. Engines of increased 
power were being demanded at the same time as the space 
within which they were to be housed was being decreased. 
The marine engine builders to whom the design and con- 
struction of the engines were entrusted knew that they 
could not meet the official requirements concerning power, 
size and weight without cutting down the margin of safety 
to a very low figure. They knew that to build engines for 
the Admiralty was a speculation and that they would be 





fortunate if they could get through the measured-mile run 
and the six-hours’ trial without a breakdown. Yet so long 
as they enjoyed the patronage of the Admiralty their 
mouths were 
truth and the truth was that we were living in a fool’s 
paradise. Our 
wrong from first to last and if followed much further would 
infallibly lead up to some great national disaster. 


We however were free to speak the 
licy in naval construction was radically 


The 


from Products of Combustion of Gas: 


Gasification : 


F. Botley, M.Inst.C.E.) its sixth Re 


of the Report was given by Dr. A. 


of investigation. 


ealth. 


Part IV, Tube 
Experiments (Continued).”’ ‘‘A Report of the Investigation 
of the Use of Oxygen and High-pressure in Complete 
Part I, Gasification with Oxygen” was 
then presented by Professor J. W. Cobb and Dr. F. J. 
De 


nt. 
Luncheon. followed at the Savoy Hotel, with Mr. 
Lacey in the chair, and on the resumption of the sitting 
the first business was to receive from the Chairman of 
the Liquor Effluents and Ammonia Committee (Charles 
rt. A summary 
ey (Coventry), in 
which reference was made to P. N. Langford, the Engineer 
and General Manager of Coventry Corporation Gas Depart- 
ment, and his capable staff, who had assisted in the work 
Professor Cobb (Livesey Professor) 
and A. L. Holton, Engineer to the Gas Department of 
the Manchester Corporation, spoke on the Report, as 
did also Dr. A. C. Monkhouse, of the British Ministry of 


remedy which we advocated was the appointment of an 
Engineer-in-Chief to the Navy whose duty it would be to 
supervise the provision of machin for our warships 
and to ensure that the Chief Constructor’s department 
was not allowed to enforce impossible conditions on the 
engine builders. The great shipping companies had each 
a superintendent engineer and it was rare to hear of 
machinery failures in their ships. Great as would be the 
responsibility which the Engineer-in-Chief of the Navy 
would have to bear, his task would not be beyond the 
powers of one man after the existing chaos had been 
cleared up. It would not be greater than that of the loco- 
motive superintendent of a leading British railway. 
We expressed the opinion that nothing but disappointment 
would result if the Engineer-in-Chief were chosen from the 
ranks of existing naval engineers. The heads of the engi- 
neering departments of the dockyards were one and all so 
imbued with respect for the existing system of Admiralty 
management that they would find it impossible to shake 
off their official fetters. The appointment to the post of 
a competent engineer untainted by official prejudice would, 


amount as you can buy forty-three bombers. Obviously 
you can buy hundreds of very satisfactory bombers for 
the price of a battleship. But this particular calculation, 
to which I must say neither the General Staffs nor the 
Committee on which my noble friend sat would wish to 
attach any importance as basing their calculations upon 
it, was a very complicated calculation based on the 
assumption that you would have to build a station for 
three squadrons, that you would have to maintain the 
whole of that station, that you would have large reserves 
behind the air first-line strength, that your bomber 
squadrons would constantly be replaced by new types, 
whereas the battleship has a long life.”’ 

May I disclaim the extreme air partisanship which you 


The twenty-seventh Annual Report of the Refractory 
Materials Joint Committee of the Institution and the 
Society of British Gas Industries was then presented by 
the Chairman (Walter Grogono), Croydon Gas Company’s 
chief engineer, and was followed by the Institution 
Fellow’s Report for 1935-6. It was entitled the “ Scaling 
of Mild Steel in Sulphur-free and Sulphur-containing 
Furnace Atmosphere (Continued).”’ 

On the following morning at ten o’clock the third 
Report of the Gasholder Committee was presented by 
the Chairman, Mr. Thomas Hardie, M. Inst. C.E., formerly 
chief engineer to the Gas Light and Coke Company. 
The principal object which the Committee had in view 
was the prevention of accidents to gasholders which 
might cause injury to personnel or dislocation of supply. 


Vv 


we concluded, , 
panied with illuminations at all the principal marine 
engine building establishments throughout the kingdom. 


pe 
tll: An X-ray room with 24in. thick concrete walls and «a 


10in. thick ceiling has been constructed to house a 400,000- 


celebrated by a grand festival accom- 








Tux use of lead to protect X-ray workers has been dis- 
nsed with at the United States Arsenal at Rock Island. 


olt and 10 milliampere unit. A survey for a period of 


sixty days during regular routine testing showed the 
walls satisfactory. In this survey dental film was placed 
at various points on the outside of the walls, and no darken- 





appear anxious to fasten upon me? My main object was 
to call your attention to an obvious misunderstanding of a 
paragraph in the Sub-Committee’s Report, though I 
certainly incline to the view that your leader writer does 
not hold the scales quite so fairly between the ‘‘ blue water”’ 
and the “ grey sky *’ schools of thought as he might have 
done. 

In the words of Viscount Trenchard (House of Lords 
Official Report, November 18th) :— 


i 


8 


Experience was showi 
paid to holders than 

author urged once again that the recommendation of 
the Committee for inspection of holders be accepted and 


that more attention must be 
been the case in the past. The 


mmediately brought into operation. Mr. E. B. Tomlinson, 


Chief Engineer to the Gas Department of the Birmingham 
Corporation, in the ensuing discussion, spoke on the 
question of internal corrosion, giving the result of his 
experience. 
Junior Vice-President, spoke of the difficulties which 


R. Robertson (Bristol), the Institution’s 


mall undertakings had to face. The fact that so many 














“Tt is said that the oceans in the Far East and the 





undertakings did not carry out a regular system of inspec- 





ing of this film could be detected at the end of the sixty- 
day period. As further proof that the X-rays were not 
penetrating the walls a film was exposed on the outside of 
one of the walls for ten minutes while the X-ray tube was 
operated at 300,000 volts and 10 milliamperes at @ point 
25ft. from the interior surface of the wall. No effect upon 
the film was noted. Two explanations are given for the 
X-ray absorption property of concrete; first, that the 
rays are widely scattered before any great penetration 
takes place; second, that the scattered radiation is of 
longer wavelength than the initial rays, and thus more 
easily absorbed by the remaining thickness of the material. 
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thickness of 4}in., except at the ends of each 82ft. 
- sig Fg tow section, where it is 8}in. between the two last 
Paris Exhibition Works pedestals, and then bevels off underneath to 4}in. 
- e at the gap. These pedestals are themselves flexible 
joints; their construction is shown on page 573. 
No. II. They have a section of lft. l0in. by lft. Tin., and at 
: their upper extremities are built into cross beams 
(Continued from page 82, July 24th.) that are reinforced with rods of ljin. and 1in., 
this reinforcement being continued into the plat- 
LONG the lower embankment on the left side | The platform is raised a little above the upper ground | form. There are nine such beams and pedestals 
41 of the Seine the electric railway from the Invalides | level, with access to it by steps, and on the river] to each section. The,flexible pedestal, called by the 
side it is supported by pedestals on the outer wall.| French “ articulation joint,” has a light crossed 


Station to Versailles traverses the 1} miles of exhibi- 
tion grounds, the permanent way being laid on a 
concrete bed which joins the wall of the higher 
embankment and a wall on the river side to protect 
it frem floods. The concrete bed was made on account 
of the waterlogged nature of the subsoil. As the 
river will constitute the main artery of the Exhibition, 
the railway had to be covered in. This will provide 
extra space and will form a permanent extension 
of the upper embankment to be laid out eventually 
with public gardens along the river side. For this 
latter purpose the reinforced concrete platform over 
the railway was calculated for a maximum load 
of 225 lb. per square foot. Its width is about 40ft. 





A number of illustrations which call for no specific 
description are given herewith. 

The cover is constructed in lengths of 82ft. that 
represent the’ distance between expansion joints. 
As the work is of a repetition character, it is carried 
on .simultaneously with half a dozen stagings, con- 
sisting of timber supports upon which are laid stee 
joists providing a platform for the construction of 
the railway cover. The timber supports are made in 
sections for convenience of displacing them without 
complete dismantlement. The shuttering is removed 
in four days, and the staging remains in position 
for a week. The reinforced concrete platform has a 
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reinforcement, with six jgin. diameter rods extending 
vertically side by side to the platform. The rods run 
through the centre, and on each side there are parallel 
slots in the concrete, near the top and bottom, and 
these slots leave two narrow sections with no other 
reinforcement than the vertical rods. The slots are 
filled with plaster. This arrangement gives sufficient 
flexibility to provide for lateral expansion and con- 
traction of the platform. The outer walls on the 
river side will be faced with stone. On account of 
its repetition character the work was carried out 
rapidly. 

The railway cover was planned, and the construc- 
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tion supervised, by the technical service of the 
Prefecture of the Seine under the direction of Monsieur 
Prothin, chief engineer of the western section, who 
was also responsible for the subway which carries the 
Avenue de Tokio underground on the right bank 
of the Seine between the Iéna Bridge and the Troca- 


déro. 
of diverting outside traffic from the most crowded 
part of the Exhibition grounds within one of the main 
entrances. As was the case with the railway on the 
other side of the river, the bed of the subway had 


to be made of concrete to avoid infiltration from the 


waterlogged subsoil. At a depth of about 30ft. the 
bed is a little more than 2ft. thick at the centre 


and thickens out on each side to a parabolic cross 


section. The total width of the bed is 57ft., and it is 
calculated for a load of 14 lb. per square inch. The 
walls on each side are 5ft. 9in. thick, except where 
they are extended for galleries carrying cables in 
communication with recesses for lamps to light the 
passage. A further difficulty was the presence of 
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the Ouest sewage collector main, which passes under 
the side of one of the ramps. In this case the roof 
of the.collector was lowered and the whole reinforced 
by a concrete foundation for the wall in place of the 
concrete bed, which, at that point, had to be 
shortened. The width of the tunnel is 46ft., and the 
roadway 39ft., leaving service footways on each side. 
The total length of the passage, including ramps, is 
985ft. The subway is 459ft. long. It has a flat 
cellular roof 14ft. above the road, its construction 
necessitating the provision of two large rectangular 
galleries for mains corresponding to the galleries 
over the Iéna Bridge. These rectangular sections 
at the centre are continued each side with diminishing 
depths to form the roof. 

The subway lies at the bottom of an incline rising 
to the Trocadéro. It was proposed to demolish that 
building and construct a new palace or else to conceal 
it with temporary outside structures, but both sug- 
gestions were rejected because the one would have 


This subway offered the only practical means 


most interesting and successful of the kind that has 
yet been achieved. The intention was to give an 
entirely new and modern appearance to an exotic 
and obsolete type of architecture. The huge Moorish 
type of circular hall with side towers was demolished, 
leaving an open platform between two rectangular 














tecture on a large scale. The concrete is finished off 
with stone, and very little steel is employed, except 
for reinforcement. The waterlogged subsoil neces- 
sitated several months of pile driving. The, only 
French steel structure is @ temporary art gallery, 
about 500ft. long and 130ft. wide, which was required 









































buildings that flanked it, continuing with side! to be erected in what is probably the record time of 
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galleries forming a parabolic curve. Beneath the 
platform giving access to the Exhibition, and offering 
a view over the greater part of it, a theatre to accom- 
modate 3500 persons is being built in an excavation 
with the main entrance fronting the Iéna Bridge. 
The front of the old galleries is concealed by an 
additional one built mainly of reinforced concrete 
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PLAN AND SECTION OF SUBWAY 


33 months. While this time was exceeded on account 
of interruptions through strikes, the contractors, 
nevertheless, completed the building for the Autumnal! 
Art Exhibition now being held, which was the reason 
for fixing the time limit. For more than one-half of 
its length the building is supported over the railway 
outside the Invalides Station on four rows of cast 





THE ENGINEER 


faced with stone and combining with the whole to 
form a particularly harmonious design in vertical 
and horizontal lines that reveal the new architecture 
at its best. As this work is more architectural than 
engineering, and is executed by ordinary methods in 
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reinforced concrete, there is little calling for attention, 











| 
| 
| 





WU Me ce 


LONGITUDINAL SECTION OF RAILWAY COVER 


iron columns, with deep joists resting on roiler jomts 
on the tops of the columns. ‘This foundation dates 
back to the Exhibition of -1900, and was allowed to 
remain for future use, if required. The cast iron 
columns limit the load and imposed on the con- 
tractors conditions of lightness, as well as rapidity of 
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RAMP ABOVE THE OUEST SEWER 


a paltry appearance to a famous building. It was 


coristructed for the Exhibition of 1878, and being no 
longer in harmony with a manifestation of modern 
art, the only thing to do was to transform it at the 
least possible cost, for at that time of severe national 
retrenchment it was only possible to provide relatively 
small credits. 


The transformation is perhaps the 
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except the particularly arduous task of sinking big 
section concrete piles through underlying quarries 
filled with spoil to a far greater depth than had been 
anticipated before reaching a sound foundation. 
The two permanent art museums in the Avenue 
de Tokio are also being constructed of reinforced 
concrete and are notable examples of modern archi- 
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CROSS-SECTION OF SUBWAY 


erection, ease of dismantlement, and cheapness, that 
were satisfactorily fulfilled by the use of light steel 
sections assembled by bolts, sheet stee] panels pressed 
concave form with sides bent back for assembling, 
and glass. The steel panels are vitrified with sand in 
ovens and fill in the framework with the concave 
sides outwards, giving an outer appearance of fluted 
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sandstone walls, The panels alternate with glass from 
floor to roof. 

As one of the principal entrances to the Exhibition 
will be from the Place de l’Alma, and the. bridge 
must be left free for general traffic, it was found 
necessary to build a footbridge alongside it, and the 
permanent character of this footbridge suggests that 
it will eventually divert all pedestrian traffic from the 
Alma Bridge, which will be used exclusively for 
wheeled traffic. The footbridge is a box girder on 
five piers, with one on the low embankment and one 
in the river against the high embankment. Each 
pier is built on a reinforced concrete pile foundation, 
with twenty piles to water level, the whole being made 
solid by dumping stone between the piles and outside 
them. The pier is of rectangular section with the 
base forming a reinforced concrete network across the 
piles and extending in a narrow triangular abutment, 
just above water level, to an Alma Bridge pier. From 
the bese there are vertical and triangular supports 

° 





to the top, designed in much the same way as would 
be the case with a similar steel construction. The 
first span on the left side is carried partly over the 
embankment and the timber staging is continuous 
with light cross girders for the: platform. On the 
right side the staging in the river is interrupted to 
allow of a passage, and the platform is supported by 
joists from one falsework to another. ‘The central 
span is left open until one of the end spans is com- 
pleted. On the left bank the bridge is being built up 
of steel plates. Riveted sections are placed in position 
with a gantry crane. Each side of the bridge may be 
regarded as a continuous double plate, cut away in 
square holes with rounded corners, leaving every- 
where approximately 3ft. of double plate separated 
by the distance necessary for riveting and closed by 
plates and angle irons. The sides are joined at the 
bottom by vertical plates to support the footway, 
and the top will be partly closed to complete the 
girder form. 
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Principles of Plain and Reinforced Concrete Construc- 
tion. By E. Prosst, Dr. Ing., formerly Professor 
and Director of the Concrete Laboratory, Karls- 
ruhe. London: Edward Arnold and Co., Ltd. 
Price 30s. net. 1936. 


THIs volume will be warmly welcomed by all engineers 
who are interested in any way in concrete. The 
author gives the results of fourteen years’ work in 
his laboratory at Karlsruhe, where practical problems 
dealing with total or partial failures of concrete and 
reinforced concrete structures have been studied in 
the light of recent research. The very complex 
material concrete, which at first sight appears so simple 
in construction, presents innumerable perplexities 
both in reinforced and mass structures, and the 
author’s illustrations and explanations will be of 
the greatest interest to all engineers. While, following 
the often-quoted precedent, the author divides his 
work into three parts, it might more truly be said to 
consist of two parts, each of about 160 pages, and 
an appendix of ten pages, giving an account of the 
author’s work on measuring temperatures, strains, 
and stresses in concrete dams. 

In Part I the properties of the materials, concrete 
and steel, and of their combined action, are studied. 
For the student the earlier part of the section on 
concrete is all too brief. It reads more like the notes 
of the Professor’s lectures which would be amplified 
in class. For example, the discussion of cements 
and their properties and testing is completed in 
twelve pages, setting and hardening being polished 
off in one page. But though so meagre these pages 
are full of valuable matter. The wide variation in 
strength, as shown by concrete specimens mixed to 
the German Standard Specifications at the Material 
Testing Laboratory, Gross Lichterfeld, when the 
1:6 mix varied between 1600 Ib. and 4040 1b. per 
square inch, shows the care necessary in making this 
test. Advantages of rammed and plastic concrete 
are compared. With regard to mix it is noted that a 
suitable mix can only be chosen when the demands 
which will be made on the concrete are known, The 
golden rule to produce good concrete is never to add 
more water than is necessary for the use to which the 
concrete is to be put. Volume changes during setting 
and hardening are discussed, the author’s elaborate 
apparatus to eliminate temperature and humidity 
changes being described. Measurements of elasticity 
and the results are noted. Plastic flow with brief 
reference to the work of other experimentalists is 
sufficiently treated for practical purposes, the results 
of the investigations being summed up as follows :— 
The fatigue strength of concrete, about 50 per cent. 
of the breaking stress, is the stress up to which the 
concrete may be loaded without altering its breaking 
stress. Grading of aggregates and the parts played 
by the coarse and fine ingredients are clearly treated. 
In discussing steel reinforcement the figure illustrating 
the stress-strain diagram does not show clearly that 
below the limit of proportionality the strain is pro- 
portional to the stress. Various deformed bars are 
illustrated and the method of raising the yield point 
by cold twisting is noted. F 

The chapter on the combined action of concrete 
and steel begins with an account of the long con- 
troversy on bond between concrete and steel, which 
might be cited as an example of the way preconceived 
notions lead to the continuance of research long 
after the practical results sought have been obtained. 

The actual changes in volume and the stresses 
caused by the hardening of reinforced concrete are 
of great importance in the design of statically indeter- 
minate structures. The qualitative results have been 
long known. If the reinforced members shrink 


during hardening compressive stresses are induced 
in the steel and tensile stresses in the concrete, 
whereas when the members harden under water 
expansion takes place and the steel is subject to 
tensile stresses and the concrete to compression. 
Carefully conducted experiments made by Schiile, 





the French Government, and at Stuttgart, show 
that the volume changes due to ageing are not as 
important as at one time feared. The increase in 
tensile strength of the concrete due to age more than 
balances the stresses due to the slowly increasing 
shrinkage. In practice expansion joints and proper 
curing before the use of the structure will play a 
large part in preventing cracking and in ensuring 
safety. 

The extensibility of reinforced concrete has been 
the subject of much argument and almost endless 
experimental research, in which most contradictory 
results have been obtained and published, and the 
author’s statement that Considére’s hypothesis 
was finally refuted by Kleinlogel’s tests requires to 
be modified in the light of the more recent tests 
quoted. The practical engineer who studies these 
various researches in hopes of learning how the 
formation of cracks in reinforced concrete beams 
may be prevented will be glad to have the author’s 
expert conclusions: The extension of a reinforced 
member may be many times larger than the extension 
of a similar plain concrete member; specimens 
stored under water extend more than those cured 
in air; the distribution of the extensions over the 
section and span of the beam is better with the 
better distribution of steel in the tension zone and 
the longer the steel and concrete can act together. 
The engineer is warned against generalising from the 
results of these tests. Sustained and repeated 
loadings and the prevention of rusting are next con- 
sidered, the remedy proposed for rusting being a suffi- 
cient cover of plastic concrete. The influence of changes 
in the atmospheric temperature is considered fully, 
especially with regard to arches, and practical rules 
are given to minimise the effects. With regard to 
dams, the author’s experience shows that the effects 
of air temperature changes are often over-estimated. 
Permeability and danger from chemical attack 
conclude Part I. 

In Part II the Fundamentals of the Statics of 
Reinforced Concrete Structures are studied, and the 
author begins in an interesting way by considering 
a monolithic structure. This leads directly to a dis- 
cussion on the formation and prevention of cracks. 
The chapter headed Axial Tension and Compression 
opens with the statement ‘“ concrete or reinforced 
concrete is rarely used to carry axial tensile forces,” 
thus reminding the reader of the celebrated treatise 
on “ Snakes in Ireland.” The discussion, however, 
of the carrying capacity of spirally reinforced columns 
will interest all engineers, and the student will find a 
number of interesting numerical examples. Bending 
of beams is fully treated, the results of tests on hooks 
and splices being given. Web reinforcement and the 
prevention of cracks are illustrated by laboratory 
tests, and the design of mushroom floors considered. 

As already mentioned, Part III consists of a brief 
account of the author’s experiments in measuring 
temperature changes and the determination of changes 
in strains and stresses in the Bleiloch dam, with a 
slight reference to work on other dams. 

This is a fascinating book, and the author’s prac- 
tical conclusions at the close of each section will 
be of the greatest interest to the engineer in practice. 


An Introduction to the Theory of Elasticity for Engi- 
neers and Physicists. By R. V. SOUTHWELL. 
London: Oxford University Press. 30s. net. 
1936. 

THE aim of this important and useful work, as 

described in the author’s preface, is to provide a pre- 

paration for more advanced study which will furnish 
some acquaintance with the general equations of elas- 
ticity, so that the student may be equipped to take 
advantage of Professor Love’s ‘“‘ Mathematical Theory 
of Elasticity ’’ and Rayleigh’s ‘‘ Theory of Sound.” 

For the teacher directing the studies of students who 

have already completed an elementary course in 





strength of materials, this book will be extremely help- 
ful, and for this use it might have been possible im 
many. places to have curtailed the discussions and 
diminished the bulk of the volume by omitting some 
of the many examples, As the author himself 
suggests, it is unlikely that a student in engineering 
will tackle this book without assistance. 

Starting naturally from Hooke’s Law, we find in 
Chapters I and II a clear discussion of elastic strain- 
energy and the importance of Castiglioni’s first 
theorem emphasised—-a number of interesting pro- 
blems being solved. Self-straining is considered in 
Chapter III, the illustration given being ‘somewhat 
artificial, and to the student the further examples 
will seem to be more interesting to an examiner than 
to an engineer. Castiglioni’s second theorem of 
minimum strain-energy is fully discussed and illus- 
trated with excellent examples. Every student in 
materials will be interested in the author’s discussion 
of St. Venant’s principle, and also in the Appendix 
to Chapter III devoted to Stresses in Braced Frame- 
works. It would have been very useful to have some 
further discussion of the moment distribution method 
of Professor Hardy Cross, which, as the author says, 
has completely revolutionised the treatment of frame- 
work with rigid joints. The elementary theory of 
stress and strain is discussed in Chapter [V—Young’s 
Modulus, Poisson’s Ratio. Modulus of Rigidity, and 
Modulus of Compressibility—and elastic failure is 
briefly noted in an Appendix which is more in the 
nature of a bibliography. Thin tubes subject to 
internal pressure and to torsion are discussed in 
Chapter V, and then the theory of bending is con- 
sidered. This problem “ of the highest importance to 
the civil engineer” is not treated as simply as in 
ordinary text-books, a more general treatment being 
given. The student might at first be confused by a 
* rolled steel girder ’’ being given as an example of a 
cylindrical member. In Chapter VI problems relating 
to the deflexion of girders are solved graphically and 
analytically, and struts with transverse loads con- 
sidered with reference to Howard’s treatment. Here 
the student will find an interesting discussion on the 
transverse vibrations of a rod. In Chapter VII sheer 
force in the bent beam is considered. An approximate 
theory for the bending of thin plates is developed, 
and problems relating to helical springs and crank- 
shafts solved. Chapter VIII is devoted to the general 
analysis of stress and the author’s deduction of the 
general theorem of principal stresses is most inter- 
esting, particularly with reference to the importance 
of Mohr’s circle. Chapter [X on the general analysis 
of strain, and Chapter X on the relation of stress to 
strain and the general equations of elasticity will be 
welcomed by all teachers of this subject who will 
appreciate this introduction to Love’s mathematical 
theory, the problems in Chapter XI being examples 
of solutions of the general equations. In an Appendix 
to this chapter will be found a discussion of the 
various experimental investigations in which Prandtl’s 
film method has been adopted for the approximate 
solution of the torsion problem and also Timoshenko’s 
method to use with the flexure problem. Chapter XII 
is devoted to plane strain and plane stress with some 
attention to the photo-elastic method. The study of 
axial symmetry leads to the thin rotating disk and 
closed cylindrical vessel and to a general theory of 
compound tube construction, including wire winding. 
The last two chapters form an introduction to the 
work of Rayleigh with reference to elastic stability, 
and the strength of struts in Chapter XIIT and to the 
theory of vibrations in Chapter XIV. Special appli- 
cations of Rayleigh’s work will be met in whirling of 
shafts, transverse vibrations of a stretched bar, forced 
vibrations in the simply supported girder, and response 
of girders to travelling loads. 

The above brief summary will indicate the scope 
of this useful work, and also the original treatment of 
the subject. 
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Rail and Road. 


THe York City Council has agreed to the construction WE regret to note the death of Lord Joicey, the chair- 
of a ring road, at a cost of over £352,580, to divert west | man and managing director of the Lambton, Hetton and 
to east traffic. Joicey Collieries. 


A NEW station, to be called Padarn Halt, has been 


opened near Llanberis at the foot of Snowdon by the 


London, Midland and Scottish Railway. 

A DESIGN for a new type of joint receiving office for the 
four main line railways has been accepted, and in the near 
future a number of these standardised premises will be 
opened in London and provincial shopping centres. 


THe death is announced of Mr, Otto Paxton van 
Sweringen, who, with his brother, the late Mr. James van 
Sweringen, built up one of the largest railway combines 
in the United States. At one time the group of railways 
under their control covered 20,000 miles of line. 


THE Minister of Transport has announced in the 
House of Commons his proposals with regard to transport 
facilities across the Tyne. He has refused permission 
for a bridge to be built between North and South Shields, 
and is in favour of building a by-pass road west of New- 
castle with a new bridge at Scotswood. 


ON the Italian State Railways the section of the Genoa— 
Ventimiglia main line between Loana—Albenga, along the 
Italian Riviera, has been doubled. This work has 
necessitated the construction of a new tunnel 316m. 
in length, and a new viaduct at Ceriale. The port of 
Spezia has been connected with the railway terminus 
and new stations built at Viareggio and Trento. 


IN a paper on road design and safety at the Institution 
of Civil Engineers, Major F. C, Cook, of the Ministry of 
Transport, said that the principal destructive agent was 
the mechanically propelled vehicle, and the most effective 
safeguard to other road users lay in the provision of 
motorways for its exclusive use. If motorways could 
not be provided he said that traffic should be segregated 
into separate streams. 


Work has begun on the extension of the railway line 
which runs northwards from Baghdad and at present ends 
at Baiji. The line is to be extended to Mosul, the oil 
centre, and eventually to Tel Kuchuk, where it will 
join the Turkish Anatolian Railway. When the line is 
completed it will be possible to travel by rail from Baghdad 
to Calais with only one break in the journey at Istanbul, 
where the Bosphorus is crossed by a ferry. 


Work has been recommenced on the South Island Main 
Trunk Railway line in New Zealand, with the object of 
closing the 76-mile long gap which occurs between 
Wharanui and Parnassus. The completion of the work 
will link up two isolated railway systems, bring the fertile 
province of Marlborough into closer touch with the 
markets, and provide an alternative route between the 
South Island’s stations and Wellington, vid a ferry 
between Pieton and Wellington. 


A NUMBER Of interesting features have been incorporated 
in an experimental trollybus service which has been 
started between Spandau and Staaken, in Berlin. Par- 
ticulars of the new system are given in a note in the 
Klectrical Review, which says that in order to obtain 
maximum flexibility the contact wires are provided with 
a chain type suspension except for the more severe 
curves, when a type of suspension is employed which 
minimises swaying of the wires. Crossing of the existing 
tram contact wires is effected by the use of insulators 
set into the length of the trolly wires. The buses used 
are three-axled, seventy-seater vehicles, weighing about 
70 tons unladen and powered by two motors in tandem. 
Electrically, each of these motors is separate, but for 
reasons of space they are placed in a single housing 
between the front axle and the rear pair of axles. Com- 
pressed air braking is incorporated. 

THE steps taken by the Austrian State Railways to 
introduce electric signal lighting during the past few 
years are described in a note in the Railway Gazette. 
There are only a certain number of places in Austria where 
an efficient supply of electricity is available, and accord- 
ingly two systems of low-voltage lighting have been 
developed and applied to the mechanical signals with 
good results since 1929. Approach lighting has not 
been adopted; instead, time switches have been used 
to switch on the signal lights during certain hours only, 
according to the period of darkness and the train service. 
On lines where there is an interval at night without trains, 
the lights are extinguished during the interval, effecting 
a considerable saving in energy. A certain number of 
signals have been fitted with flash-light equipment 
and accumulators, recharging being necessary on the 
average every ninety days, while others have been pro- 
vided with steady lights and primary batteries, as a 
comparison, As a rule the batteries are found to last 
about six months. The electric lights give a very clear 
indication, and the new installations are stated to pay 
for themselves in about 2} years. 


Rapip progress is being made with the electrification 
of the L.M.S. Railway company’s Wirral Section lines 
from Birkenhead Park to West Kirby and New Brighton. 
It is announced that power will be supplied from six 
sub-stations, situated at Birkenhead North, Bidston, 
Moreton, Meols, Hoylake, and Wallasey, all being con- 
trolled by an operator at Birkenhead North. Much of 
the permanent way is being relayed, and entirely new 
lines, on a new embankment, are being laid between 
Bidston Station and Seacombe Junction in order to 
increase track capacity between these two points. 
Improvements which are being carried out at several 
of the passenger stations include the raising and extending 
of the low and short platforms to meet modern require- 
ments. The station buildings in a number of cases are 
being rebuilt, and a new station is also to be built at 
Manor Road, Hoylake. A new repair shop for the electric 
trains is to be built at Birkenhead North, which will 
contain three tracks, an overhead travelling crane, 
machine tools, stores, &c., all of the latest types. A 


feature of the track contact system which is ‘ third rail ” 
is that the bonds for the conductor rails and running 
rails and the preparation for cable connections will be 


Miscellanea. 





Work is proceeding rapidly in the preparation of 
the new Jarrow tube works, and it is e ted that 
they will be ready to begin production early next year. 


Aw article in a recent issue of the Iron Age deals with 
the manufacture of stainless steel springs, and it states 
that with certain properties heat-treated stainless iron 
performs quite as well as chrome vanadium spring steel. 


Tue Davy Medal of the Royal Society has been awarded 
to Professor W. A. Bone for his pioneer work on contact 
catalysis and his researches on the mechanism of combus- 
tion of hydro-carbons, on the nature of flames, and on 
gaseous explosions. 


Durtne the first nine months of this year steel produc- 
tion in the United States totalled 33,605,200 tons; the 
three next largest producing countries were Germany, 
with 14,238,900 tons; Russia, with 11,696,200 tons, and 
the United Kingdom, with 8,617,200 tons. 


AcoorpiInG to the chairman’s address at the recent 
general meeting of Earls Court, Ltd., the main building 
provides over 7 acres of actual exhibition space, the span 
of the roof over the central arena is 250ft. by 350ft. 
without columns, and the height is 120ft. above ground. 
Seating accommodation is provided for 20,000 people. 


UnvER the terms of the Liffey Reservoir Bill the Irish 
Free State Exchequer proposes to advance to the Elec- 
tricity Supply Board the sum of £2,734,000 for the purpose 
of providing two additional steam units, extending the 
Board’s transmission and distribution system and utilising 
the water power of the river Liffey. Of this sum, £634,000 
will be required for the hydro-electric development of 
the Liffey, and £432,000 for the steam units, 


Recorps in practically every branch of the gas industry 
were achieved during the year 1935, according to the 
recently published Board of Trade Returns relating to 
all authorised gas undertakings in Great Britain during 
that period. The Report deals with 405 company and 
243 local authority undertakings in England and Wa!as, 
and four company and sixty-six local authority under- 
takings in Scotland, a total of 718. The quantity of gas 
sold was 295,857,000,000 cubic feet, a peak figure showing 
an increase of 1-8 per cent. over 1934. Coal carbonised 
was 157,000 tons more than in the previous twelve 
months ; the quantity of coke and breeze made increased 
by 145,000 tons ; the production of tar by nearly 4,000,000 
gallons, and of sulphate of ammonia by 5561 tons. During 
the twelve months, 11,500,000 tons of coke and breeze, 
219,000,000 gallons of tar, and 76,000 tons of sulphate 
of ammonia were produced. The number of consumers 
rose by 239,749, or 2-3 per cent., making a total of 
10,516,759. The increased co-operation between the 
gas industry and .the owners of coke ovens is shown 
by the fact that in 1935 no fewer than forty undertakings 
purchased a total of over 20,000,000,000 cubic feet 
of coke-oven gas, or an increase of 12-4 per cent. over 1934. 


To mark the twenty-fifth anniversary of the first 
demonstration mine explosion made on October 30th, 
1911, the United States Bureau of Mines recently gave 
another demonstration of coal-dust explosibility at its 
Experimental Mine, Bruceton, Pa., for State mine 
inspectors, mining engineers, and a group of miners and 
mine foremen who are taking educational courses under the 
Bureau’s direction. The explosion in 1911 was witnessed 
by 1500 persons, and was the first public demonstration 
in the United States of the fact that coal dust alone and 
without the aid of fire-damp could cause a violent and 
widespread catastrophe. At that time it was believed 
by mining men that coal dust alone could not act in this 
manner, and that fire-damp was the real agency, but the 
enormous flames that burst with a deafening concussion 
from the mine openings after a blown-out shot of black 
blasting powder had been fired into coal dust, and that 
swept across the valley for 600ft., setting fire to trees in 
their path, gave convincing proof that this belief was wrong. 
For several years before the Bureau of Mines was created 
on July Ist, 1910, disastrous mine explosions were all 
too frequent, and as many as 1000 men were killed by 
them in a single year. One individual explosion killed 
361 men. To-day, such catastrophes are extremely rare, 
and during the past three years (1933-35) there were but 
five explosions with an average of nine men killed per 
explosion. 


A SCHEME affecting the rates of pay and conditions of 
service of 1000 men who will benefit by being placed upon 
a staff basis with participation in life insurance and pension 
funds is to be put into operation by Telephone Rentals, 
Ltd. The men are engaged in installation and maintenance 
work throughout the United Kingdom. The plan pro- 
vides for the grading of the men according to age, service, 
and capability. All who are twenty-three years of age or 
over will, on reaching the required standard, be placed 
upon the staff and become entitled to a fortnight’s holiday 
with full pay. Those not eligible for staff qualification 
will have one week’s holiday with pay. All employees 
will be paid for Bank Holidays and other national holidays. 
The change in status also includes participation in com- 
bined life insurance and pension funds, with sick pay at 
full wages up to thirteen weeks and a further thirteen 
weeks at half rate. In addition, fewer hours per week will 
be worked, but there will be no reduction in earnings. Mr. 
W. S. Philcox, the director and general manager of the 
company, emphasises that the scheme is not regarded as a 
gift to the men, but as a bargain between the company 
on the one hand and the men on the other. The cost 
involved in operating the scheme will not lead to increased 
overhead charges, but will prove to be a sound investment. 
In anticipation of its centenary, which is to take place 


Air and Water. 





UNDER its new subsidy scheme the French Govern- 
ment has placed orders for three cargo ships and two 
banana carriers, 


In succession to the late Sir Edgar Britten, Captain 
R. V. Peel has been appointed Commodore of the Cunard- 
White Star Company’s fleet. 


Tue French destroyer “‘ Volta,’ claimed to be the 
largest ship of her type, has been launched at Nantes. 
The new ship has a displacement of 2930 tons. 


AT a preliminary meeting of the Committee of Lloyds, 
Lieut.-Colonel R. Walker Roylance was elected chairman 
and Mr. H. Guylee Chester deputy chairman for next year. 


Durie torpedo practice in the Bay of Lubeck on 
November 20th, the German submarine ‘‘U 18” was 
sunk as a result of a collision. Eight members of the 
crew were lost. 


THe annual conference of the Aerodrome Owners’ 
Association will be held from Wednesday, January 20th, 
to Friday, January 22nd, next year. There wil!, as pre- 
viously, be an exhibition of aerodrome equipment, supplies, 
and services. 


Durine September eighty-one steamships, ten motor- 
ships (including auxiliary sailing ships), and five sailing 
vessels were removed from the register of Bureau Veritas. 
Of the eighty-one steamships, sixty-one, with a gross 
tonnage of 73,324, were broken up. 


Dvurine the first half of this year out of twenty ships 
aggregating 71,620 tons under construction in Danish 
shipyards, twelve ships aggregating 59,320 tons were for 
foreign countries, In addition to these ships contracts 
have been secured for sixteen others. 


WHEN a three-engined Fokker air liner of British Air- 
ways crashed during a fog in Tilgate Forest, near Crawley, 
on Thursday, November 19th, the captain and first officer 
were killed and two members of the crew were slightly 
injured. The machine was carrying mails from Hanover 
to Gatwick. 


Tue Helsingfors port authorities have decided to 
undertake harbour improvements costing about 50 million 
marks. Included in the scheme is the construction of a 
new 350m. long quay in the southern harbour, several 
new buildings, and the deepening of the passage between 
Brunnsparken and Blekholmarna. 

From July lst to November 14th last, 7320 foreign and 
coastwise vessels, representing a register tonnage of 
8,299,110, entered the Mersey docks. Compared with the 
corresponding period last year these figures indicate that 
seventy more vessels were dealt with, representing an 
increased register tonnage of 81,792. 

Tue River Wear Commissioners, Sunderland, have 
acquired the Bridge Dock, which was formerly part 
of the ship-re establishment of Robert Thompson 
and Sons, L The site will be used for the purpose of 
widening the river and improving navigation, but no 
plans have yet been prepared for commencing the work. 


THE latest report of the Air Ministry giving the number 
of registered civil aircraft in the various countries shows 
that the leading countries with their respective numbers of 
aircraft are as follows :—United States, 9342; France, 
2258; Germany, 1812; Great Britain, 1766; Italy, 452 ; 
Canada, 358; Australia, 269. The number of civil air- 
craft registered under regular air transport companies is 
as follows :—United States, 459; France, 204; Germany, 
153; Great Britain, 152; Australia, 108; Italy, 94; 
Canada, 51. 

Tse Royal Dutch Air Lines latest Douglas air liner, 
known as the ‘“‘ D.C.3 ’’ model, was recently demonstrated 
at Croydon, The new machine is a twin-engined low-wing 
monoplane fitted with a retractable undercarriage. Capable 
of a top sd of 210 m.p.h., the machine has a cruising 
speed of 180 m.p.h., a range of 2000 miles, and carries 
twenty-one passengers. The liner which was demon- 
strated has been named “ Ibis ’’ and is the first of eleven 
similar machines for the London-Amsterdam-Berlin route 
and the Amsterdam- Batavia route. 


In a recent paper before the Royal Society of Arts, 
Mr. E. H. Watts discussed the importance of the mer- 
cantile marine in time of war. He said that the present 
cargo section of the British mercantile marine was utterly 
inadequate for the responsibilities it might be called upon 
to shoulder. Although we had only 1,856,357 gross tons 
less on the registers than we had in 1914, this did not 
reveal the actual position. Passenger and cargo vessels 
were taken together, and since pre-war days passenger 
ships had greatly increased in size; so much so, that 
these combined figures had disguised the reduction of 
cargo tonnage. Mr. Watts went on to say that cargo 
ships themselves had also become larger, as owners had 
been gradually forced out of the small ship trades. Com- 
pared with 1914, our shipping had less carrying capacity 
and was concentrated in many fewer ships. 


On Friday, November 13th, it was officially announced 
that Wm, Gray and Co., Ltd., West Hartlepool, have 
arranged to sell their shipyard at Pallion on the river 
Wear to National Shipbuilders Security, Ltd. The 
yard, which has been closed since May, 1930, was a war- 
time conception of three shipowners in conjunction with 
Wm. Gray and Co., and it has always been regarded as 
a surplus yard in the Wear district. Wm. Gray and Co. 
will continue the business of shipbuilding, ship-repairing, 
and marine engineering in the Hartlepools and the dry- 
docking business at Seaton-on-Tees. The Wear ship- 
yard of Wm. Gray and Co., Ltd., was laid out in 1917, 
and was originally known as the Egis Shipyard, Ltd. 
The name was taken from the initial letters of the founders 
—Ellerman, Gray, Inchcape, and Strick. It became the 
property of Wm. Gray and Co., Ltd., in 1919. The yard 





next year, the firm of Blackstone and Co., Ltd., of Stam- | 
ford, announces that it is introducing an efficiency bonus | 
on output for all employed in the company’s works, that | 
it is establishing a contributory pension scheme, and is | 
setting up-a works committee consisting of the directors 





welded to the rails. 





and elected by the employees. 





comprises four berths capable of building ships up to 
500ft. in length. Since 1919 it has operated only inter- 
mittently, and for the last six years no ships have been 
built there. Not a single workman will be thrown out 
of work, for the Pallion Yard has been used by the firm 


of the company and four members of the staff nominated | as an overflow yard, and there are still many empty 
| . . 7 ; 
| berths available in the Hartlepools and on the Wear. 
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CONTROL. 


THE more complex a mechanism, the greater the 
importance of controlling accurately the move- 
ments of the individual parts or organs. In the 
ordinary sliding and surfacing lathe there is com- 
plete independence of the spindle, the loose head- 
stock, and the saddle. Inthe automatic the degrees 
of freedom, as the kinematician might call them, 
are reduced as the automaticity is increased until, 
in the most complete form the, movements during 
operation are all referred back to a single datum— 
the main spindle. There is no elasticity of action 
left ; no individuality in any part. The control in 
all respects is as close as it can be. The machine 
will do the job for which it is set and no other. Its 
products will be so alike that the closest workshop 
methods of examination can distinguish no differ- 
ences between them and hardly measure the 
departures from a postulated standard. If we 
move from the single machine to an ideally 
organised factory we find that the whole thing is 
working with the precision of a complicated tool. 
The raw material is supplied at exactly the 
rate required for the output desired. It is con- 
verted in each department accurately to a 
schedule and reaches the assembly bays in just 
such quantities and in just such order as the 
erectors require. The factory, as a whole, works as 
if it were cam operated ; as if the operatives, the 
charge hands, the foremen, and the managers were 
not individuals, not men and women with homes 
and families, with appetites, tastes, and ambition, 
with personal idiosyncrasies and weaknesses, but 
parts and items of a gigantic mechanism all moving 
and acting harmoniously to a single end. Not even 
the genius of Henry Ford has succeeded in attaining 
that mechanical ideal. The human element is 
never perfectly cam like. In the mass factory, in 
place of the precise mechanism of a chronometer, 
flexibility has to be provided. 

Let us now expand our view to embrace not a 
single machine, not a single shop or a single works, 
but a group of factories and correlated organs 
which comprise an industry ; or even the groups 
of industries which constitute the working parts 


trial co-ordination was barely thought of. Each 
part did as it would, irrespective of the others. 
Individualism was the common rule. Competition 
was still regarded as a stimulant and tonic and 
success was built up on the personal character of 
the owners and managers. They enjoyed the 
fight ; they enjoyed setting their abilities against 
others; hard work was a pleasure to them and 
easy days irksome. The joy of success in personal 
effort was the reward of their labours. That is all 
going. Competition is frowned upon and, by the 
unsuccessful, is dubbed cut-throat ; individualism 
is being replaced by association ; the joy of triumph 
over obstacles is being replaced by the more sober 
rewards following upon conscious logical co-opera- 
tion. We are aiming at the cab-rank age, when 
everyone gets his turn and the merits of the best 
driver and the tidiest cab are subordinated to a 
routine so that all may have equal chances of 
securing custom. Sir Ernest Benn and the 
Individualists rail against this practice, and by 
their railing acknowledge its growing strength. 
We are passing from the age of freedom to the age 
of control. Concluding his recent Norman Lockyer 
Lecture, Lord Rutherford said: ‘‘ It may be that 
some method of control of the rate of application 
of new ideas or inventions to industry is desirable 
in the public interest, in order to prevent too 
marked a dislocation both of capital and labour. . . . 
While all will agree that industry should be alert 
to take prompt advantage of new methods made 
possible by the advance of Science, yet it may 
be important in the public interest to graduate the 
rate of change to prevent too serious dislocation 
in the social order.” In Sir Alexander Gibb’s 
peroration to his Presidential Address to the 
Institution of Civil Engineers we read: “ Inven- 
tions and developments succeed one another with 
bewildering speed, and there seems, unfortunately, 
to be no limit to the possible results of uncontrolled 
and misapplied ingenuity. In such circumstances 
no one can say where Engineering may lead us or 
what limit there is to the power of the Engineer. 
One thing is certain, and that is that there must be 
control.” Those are the opinions of a great 
scientist and of a great engineer. The opinions of 
manufacturers and industrialists are the same and 
are shown by their deeds more than by their words. 
They hanker after controlled industry with allotted 
orders and freedom from anything but mild 
competition. 

The opinions of men swing this way and that ; 
to-day they are one thing and to-morrow another. 
The opinions of to-day oscillate backwards again 
to the opinions of yesterday, for the thoughts and 
wishes of men are conditioned by the circumstances 
of the hour. Thirty or forty years ago the 
modern idea of control would have been intolerable. 
It was still believed that progress was built up on 
the character and vigour of individuals and any- 
thing that would restrain those virtues was held, 
without question, to be bad. Government control 
of industry was sought by few and almost uni- 
versally deprecated. If there was industrial strife 
the Government was asked to keep the ring, but 
not to interfere with the contestants ; if foreign 
orders were sought the Government did not help ; if 
industries were depressed the Government left them 
to recover by their own efforts. The conservatives 
of to-day would have been socialists to Glad- 
stonians. Control by the State or by a State 
organisation is now the accepted practice. That 
policy looks to be too firmly rooted ever to change, 
but so variable is the general and public will that a 
later generation may see a return to the principle 
that individual effort should be as little restrained 
as possible. The need for control may disappear 
with change of circumstances and the advantages 
of freedom be found to outweigh the advantages of 
restraint. 


Power Factor. 


Power factor is a subject to which much atten- 
tion has been paid. Every engineer connected 
with A.C. distribution appreciates the importance 
of maintaining this quantity at a high value. The 
average consumer, on the other hand, has but a 
vague idea of what the term means, despite all 
the ingenious analogies that have been invented 
for his enlightenment. Some of these analogies 
are good; others are bad. Perhaps one of the 
most effective is that which likens electric power to 
beer with varying proportions of froth. The liquid 
that matters is the watt component and the froth 
the wattless. To show how desirable it is to reduce 
the latter it is explained that if beer was supplied 
with a large proportion of froth a relatively larger 
number of barrels would be required for its trans- 





devoid of.froth. The railway would require more 
trucks to carry them and the extra cost would have 


to be borne by the consumer. Similarly in the 
electrical case, the “froth” or wattless current, 
which does not represent power, demands larger 
generators, transformers, and mains, and since 
this current is set up mainly by induction motors 
on consumers’ premises, it is argued that the con- 
sumers should meet the extra cost. Alternatively, 
they should install motors that draw little or no 
wattless current or use apparatus that prevents 
the circulation of this current through the mains. 
Other analogies have been invented to explain 
the meaning of power factor and its effect on elec- 
trical plant and mains which have to carry more 
idle current as the power factor decreases. 

To the many papers on this subject another has 
been added by Mr. R. A. Lochner, who presented 
it at a recent meeting of the Manchester Association 
of Engineers. Entitled “‘ Correcting Works Power 
Factor,” it contains nothing new to electrical 
engineers, but it is not devoid of interest to power 
users. All the usual correcting measures, such as 
the use of synchronous, auto-synchronous, hypo- 
synchronous motors, and condensers, are considered. 
The importance of running motors as near as 
possible at full load is also discussed. Although this 
point is well appreciated by electrical engineers, it is 
doubtful if its significance is always fully realised by 
the consumer. Since the idle current required for 
magnetising the field of an induction motor is to 
a large extent independent of the load, the wattless 
kVA is a much larger percentage of the total input 
on light load than on full load, and the power 
factor is correspondingly reduced. To obtain the 
highest power factor possible without resorting to 
special apparatus it is necessary to ensure that as 
far as possible induction motors run at full load and, 
as high-speed machines have a better power factor 
than low-speed motors, at as high speeds as the 
nature of the drive will permit. Many installations 
operate with lightly loaded slow-speed motors, and 
the author has found that considerable improve- 
ment in power factor can be effected by merely 
changing the motors round so that they are more 
appropriately suited to the work to be performed. 
In one case this expedient is said to have resulted 
in a saving of no less than £600 per annum. But 
in the majority of installations the correct selection 
of motors will not result in a sufficiently high power 
factor to obtain the greatest economies and the 
necessity arises for special power factor correcting 
machinery or apparatus such as Mr. Lochner 
describes. Examples are given of the savings that 
can be effected by installing such apparatus where 
a power factor rebate is in vogue. Another aspect 
of the subject is considered in last month’s issue 
of the General Electric Review, published by the 
General Electric Company, of America. In an 
article on “Shunt Capacitators on Distribution 
Cireuits,’’ Messrs. George P. Gamble and Frank M. 
Starr discuss the advantages of connecting capaci- 
tators across 4-kV overhead distribution lines at 
appropriate points. During the past year the 
engineers of the Union Electric Light and Power 
Company have applied twenty-one shunt capaci- 
tators to their distribution circuits with beneficial 
results. The application of these capacitators is 
shown to offer great possibilities of increasing the 
load-carrying ability of many such circuits in an 
economical manner. As the wattless component 
gives rise to a larger voltage drop than the useful 
component, the authors consider that the question 
of raising the power factor to a higher value than 
usual is worthy of investigation. At a power factor 
of 0-707 the two components are equal, but some- 
thing like 2-5 times as much drop would be pro- 
duced in a typical distribution circuit by the watt- 
less component as by the power component. 
Although a power factor of 0-98 is ordinarily 
considered practically perfect, 20 per cent. reactive 
current remains and will produce nearly half 
as much drop in the ordinary distribution circuit 
as the load current. To correct a power factor to 
0-995 would ordinarily be regarded as ridiculous, 
but when it is noted that 10 per cent. as much 
reactive current as power current is still present in 
a load of this virtually perfect power factor, and will 
produce nearly one-quarter as much drop as the 
load current, the situation begins to appear worthy 
of further investigation. It is shown that, contrary 
to what is found in the usual approach to the power 
factor problem, correction can be undertaken up 
to unity at a uniform cost per kilowatt gain in 
circuit carrying capacity. The capacitor supplies 
in the usual way the excitation current taken by 
transformers, motors, and other pieces of inductive 
apparatus on the circuit and so makes it unneces- 
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in the article originally carried about 265 amperes 
per phase, but after the installation of two 180-kVA 
capacitators it dealt with 315 amperes per phase, 
equivalent to 331 amperes at the original uncor- 
rected power factor. The secondary voltage drop 
was reduced from 7-8 to 4:6 and the cost of pro- 
viding the capacitators was very much less than 
the estimated cost of providing an additional 
feeder. Contrary to what might be supposed, there 
is negligible voltage rise in the load zone during the 
light load period, a large percentage of the reactive 
current remaining on the circuit for the entire 
twenty-four hours, Hence it has been found 
unnecessary to disconnect the capacitators at 
times of light load, although it is evident that less 
favourable conditions might easily be found else- 
where. 

Numerous as the contributions to this subject 
have been, the task of maintaining a good power 
factor remains. Nothing is more detrimental to 
supply undertakings than to have their systems 
loaded with an undue amount of wattless current, 
which serves no useful purpose so far as the supply 
of power is concerned. Whether correction should 
be carried out by the consumers or supply authori- 
ties themselves is a question that has given rise to 
controversy ; but in any case it is pretty certain 
that the cost has to be borne by the consumers. 
The advantage of the former method is that con- 
sumers who have a good power factor can be 
rewarded and those with a bad one penalised. 
Obviously there is much to be said for the 
practice of correcting on consumers’ premises. 
[t is unfortunate that the ordinary simple induction 
motor should have the defect of piling up the watt- 
less load. The motors that are free from this defect 
are more expensive and rather more complicated 
than standard machines. But by employing one 
or more large motors of special design the power 





factor of the entire installation can be improved, 
with material advantage to the supply under- 
taking. 

Inapropos. ‘ 

Ir is with great pleasure that we find ourselves 
called upon to make an apology. In our last 
number we printed the word inapropos, and 
have very rightly been taken to task. It was a 
gross solecism, but our sense of shame is more than 
balanced by the pleasure we feel in the fact that 
several readers have been chiding us for our fault. 
We wonder how many papers enjoy the distinction 
of being rebuked for slips in their English! That 
is a compliment which we greatly value. But 
there is more in it than that. Never again shall it 
be said that engineers are careless about language ; 
that they do not appreciate style in their technical 
newspapers ; even that they are like the kind of 
men of whom St. Augustine says they “ even 
suspect truth itself, and will not assent to it, when 
delivered in polite and elegant speech.”” In future 
we shall have to double our watch on our P’s and 
Q’s. We shall have to be careful of our type, no 
less than our style. For if we had not italicised our 
“ inapropos ” no one would have seriously objected 
to it. True, d-propos is two French words, 
hyphenated, but the O.E.D. gives examples of its 
use as a single English one, not in italics. Fowler 
suggests that the French pronunciation is retained, 
but Webster gives the short a, and we believe most 
people say ap-ropo. We may claim then that 
apropos is an English word, But if English, then 
it should be printed in Roman, not italic type. 
Agreed. But again, putting an “ in ” as a prefix to 
an English word, even though the dictionaries do 
not sanction it, is but a little sin. We shall not 
pursue our defence. Qui s’excuse s’accuse, but 
“* Remorse begets reform.”’ 








A Study of the Dynamo Based on 
Dimensional Theory. 


By F. W. LANCHESTER, LL.D., F.R.S. 


© the present article, at the outset the condition 
of strict similarity is assumed, and this condition 
includes, with geometrical similarity, identity of 
materials as gauged by their physical properties at 
all similarly situated points. The only variable con- 
templated is that of size as represented by a linear 
parameter. After dealing with the conditions of 
strict similarity, as above defined, certain departures 
from this condition are considered and dealt with by 
dimensional methods. Incidentally, Kelvin’s law 
relating to commercial economy, in which is enun- 
ciated the fact that in a conductor the interest 
charge on copper value should equal the monetary 
value of the C?R loss,! is confirmed, 

Having established the relations between C?R loss 
and linear size on this footing, and deduced an equa- 
tion giving the appropriate current density, thermal 
conditions are then examined on a dimensional basis, 
both under conditions of strict similarity and under 
the optimum condition, that of greatest commercial 
economy. 

The present article covers a wider field than that 
indicated by the title. The results of the investiga- 
tion apply equally to the electromotor, and generally 
to electrical apparatus of which electromagnets 
or solenoids form a part; in fact, to all such appa- 
ratus of which a winding is an essential feature. 

The author has shown, and it is well established, 
that in most appliances which have for their function 
the production or transmission or conversion of motive 
power, the horse-power is proportional to the square 
of a linear parameter, the condition of geometrical 
similarity bemg propounded and density and stress 
limits being part for part the same. In a paper 
devoted mainly to this subject,*? the author men- 
tioned the dynamo as constituting an exception, 
especially as influenced by the field winding, It is, 
furthermore, well known to designers and constructors 
of such apparatus as defined above that for designs 
controlled by the condition of similarity the larger 
the seale the easier the conditions become, and the 
greater the efficiency attainable. In large dynamos 
and motors, relatively less weight of copper is used, 
the advantage due to size being in part devoted to 
obtaining a greater efficiency, and in part to securing 
a reduction in cost, 7.¢., economy of copper. 

In this paper the author has brought dimensional 





1 Although J is the symbol generally used to denote current, 
by @ eurious custom it is usual to refer to resistance loss as 
(®R and not I?R. 

* ““ The Horse-power of a Petrol Motor in its relation to Bore, 
Stroke, and Weight,” “ Proc.,” Inst. Automobile Engineers, 
1906, p. 155. 





theory to bear, in order to formulate de novo the con- 
ditions on which the design of windings depends, con- 
sidered in relation to linear size. 

The power lost in any winding whose linear para- 
meter is ZL (strict geometrical similarity being 
assumed at this stage) is determined by the physical 
attributes, length L, Electrical conductivity ke=T/L? ; 


H the m.m. intensity, (oersteds or gilberts/c.m.) 
=M?#/L?*T; and power W=M L?/TS. 
Thus, 
M ie L? x (7,)'x ( ee). 
T EF LIT 
By M r=2; by L p—2q—4r=2; 
By T r—q=8 or q= —1 and p=2+1—2=1. 
Or, 


z < H? x const. 

Now the power developed to which the above is 
related varies as L* and for given efficiency /, must 
be made to vary inversely as L. 

For 

Lx : x H*?—L? x const., or, if H be constant, 
1 
go L. 

In other words, the conductivity may vary inversely 
as the linear parameter. This may be interpreted 
in the following manner. If the conductivity of 
aluminium be taken as half that of copper, and iron 
one-eighth that of copper, then for a series of geo- 
metrically similar machines, say L=1 wound with 
copper, L=2 with aluminium, and L=8 with iron, 
the efficiencies will be the same.* LZ might, for 
example, be chosen as the diameter of the armature. 

Under the dimensional equation, H may not be 
allowed to vary if the “core” be of iron or other 
magnetic material, as is commonly the case, A 
change of H would involve a numeric representing the 
relation of B to H. In the case of a solenoid (air core), 
this restriction does not apply. Since the dimen- 
sions of B and H are the same, it makes no difference 
if we exchange H for B. We should still be hampered 
by a constant whose value varies in an arbitrary 
manner when B or H undergoes a change. The form 
in which H appears is a recognition of the fact that 
since turns are constant, turns per ¢.m. vary inversely 
as DL and if amp. turns per c.m. are to be maintained 


Power lost = L x 


3 Tron used as a winding would introduce a new factor owin 
to its permeability. It would be better to say “a materia 
of the same conductivity as iron.” 


in face of variations of L, then the current must 
increase as L. Other things being unchanged, any 
change in H can only be obtained by a proportional 
change in current (I varies as H), and so O?R losses 
vary as H?, R being constant. ; 

In the foregoing the result of the author’s previous 
work in dimensional theory applied to the motive 
power engine is assumed,* namely, that under the 
conditions of strict similarity horse-power varies 
as the square of the linear parameter. In our present 
problem (we are now considering the armature), 
this conclusion, whilst enabling us to assume that the 
product of E.M.F. and current EI is proportional 
to L*, does not give their individual relationship. 
To find that relationship we proceed as follows :— 
Firstly, as in the previous analysis, we recognise the 
entities density and stress as limiting factors, also 
the linear parameter L. In addition, we know that 
the E.M.F. is dependent upon the electro-magnetic 
entity B. Proceeding as usual, we write : 





(E.M.F.) L (density) (stress) B 
BE ay xe (AN! x CR) Ea) 
er Sa “aw LTT 

From which : 
by M qt+r+}s=3 
or 2q=1—2r-—s (1) 
by L p-3q—r—}s=H 
or 2p=—6q+2r-+s+3 (2) 
by T s+2r=2 
2r=2—s (3) 


or 

By (1) and (3) q=—4, 
whence by (2) 2 p=2r-+s; or, by (3) p=1. 

There are in the above four unknowns and only 
three equations. However, we know that the stress 
limit determines a definite peripheral speed,‘ and 
the E.M.F. cannot be other than directly proportional 
to the value of B ; hence, since 

r+s=l4 
s=l and r=}. 
So that, 
E.M.F.=L x p- x o! x B x const., 

where L is a linear parameter, p=density, o=stress, 
and B induction (lines per unit area), From this 
and the author’s previous work it may be stated that 
the current J will also vary as the linear parameter, 
since EZ [oc L*. 

Under this condition the force acting on similarly 
situated conductors in the armature at any instant 
must vary directly as D (the velocity being the same 
and independent of L), which is dimensionally correct, 
for in any two machines this force is given by the 
expression : 

LXER; 
where L is the length of a ‘conductor in the field, the 
number of conductors in the field being constant. 
It will be observed that this expression is dimen- 
sionally concordant. Thus : 
ML_, MBL Mi 
ee oem Sakae tL 

We therefore see that the same law applies to the 
armature winding as to the field winding, namely, 
if strict similarity is preserved the current density 
in the conductor diminishes in direct ratio to the increase 
in the linear dimension. This deduction follows from 
the fact that the cross-sectional area of the conductor 
increases as L?, whereas the current it carries only 
increases as L. 

Assuming the winding in every case to be of the 
same material (copper) the resistivity 1/k, is the same 
in every case, and the resistance is 1/k,L, and the 
C?R loss varies directly as L. This conclusion applies 
to both field and armature. The efficiency loss may 
therefore be represented dimensionally as L/L’, 
or actually as const. x1/L. We may, therefore, repre- 
sent the relation of efficiency to linear size (under the 
condition of strict similarity) by a diagram such as 
is here given, in which the efficiency is represented 
by the ordinate to the graph from the base line. The 
form of the curve is hyperbolic. The form of the 
equation giving the efficiency is 1— (const. /L). 

We now have to comtemplate a departure from the 
condition of strict similarity. It has for long been 
known that the quantity of copper, #.e¢., relative 
mass, in large machines may be diminished with 
advantage. If copper, and other material involved 
in the provision of additional copper, cost nothing, 
there might be no objection (other than in cases 
where weight saving is important) in realising to 
the full the greater efficiency associated with increased 
size (the only limit would be bulk), but here economic 
conditions come into play. The capital outlay in 
copper may be represented by a sum per annum equal 
to the interest at some agreed rate per cent. On 
the other hand, a diminution in the quantity of 

* “ Prog,,” Inst. A.E., Vol. I, p. 155. 

4 We are here dealing with the conditions in the armature. 
The stress-limit relates to the bursting forces in the armature 
itself, and the density is that of the material used in its construc- 
tion, These two factors determine the safe peripheral speed 
at which the armature may be run, thus :— 


re wy re , 
rixots | x [tr se //* = velocity 
The law of similarity requires that where density and stress 


are concerned, these attributes are to be considered as being 
similarly distributed. 
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copper results in an increase in the O7F# loss. It is| thermal conductivity=kg=M/LT, 
the balance between these two that determines the | L*/T?,? and a linear parameter L. 


most economic solution. Both these factors depend Hence, 
upon conditions over which the designer has no ML? M\? /L®\¢ 
control, The rate of interest may vary widely ; 7s * (*) x (5) x 


for example, a small manufacturer not overburdened 
with capital may find 10 per cent, is not too high a| BY M p=1. 
rate at which to assess his investment in copper, | By L r+2q—p=2,r=2—2+1; r=l. 


whereas Government establishments, or munici 
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EFFICIENCY AND SIZE OF DYNAMOS 


ML? (M\P /L\@ 
palities, may be able to borrow at as low a figure as : a ct) *\7/ * L 
3 or 4 per cent, The optimum condition of economy | 


is defined by Kelvin’s law. 


Kelvin’s Law.—The basis of this law is that in the 


optimum economic condition a small change in the 
quantity of copper results in as much monetary 
gain on the one hand as loss on the other. Thus if, 
under optimum conditions, the copper be cut down, 
say, | per cent., it will result in an increase of 1 per 
cent. in C?R loss, This being so, it is manifest that 
the optimum condition will be reached when the 
whole C?R loss (expressed in money) is equal to the 
interest on the money sunk in copper. 
It being convenient to work in ¢.g.s. units, and 
to express costs in terms of British money, let D 
(pence) be the annual interest charge on account of 
copper, and let n, be the interest per annum on | kilo. 
of copper; that is to say, the cost price of 1 kilo, 
of copper multiplied by the rate of interest,’ Let 
ng be the cost of 1 unit (1000 watt hours) at the 
generating station, and let A be the number of hours 
worked per annum.’ Then the cost per watt per 
annum =, h/1000d., and under the condition of 
optimum economy, n, (per watt)=n, h/1000d. 
Now kilograms of copper=D/n, when under 
optimum conditions, and D=:n, h/1000. Hence : 
Kilograms copper per watt=n, h/1000 n,, 
Or, grams ___e., 1s (oy Se B/N, 
Or, c.c. - 1s ong, gg h/On,. 
(The density of copper being taken= 9.) 
Taking 500,000 as the conductivity of copper 
(1 ¢.c.=1/500,000 ohm), then on an area | em.? 


. Ngh 
Resistance = =——2—-—- 
rs 500,000 X 9 n, 
And Current density = 8.000 x8 9 4 amps. per em.? 
Neh 


Example (1).—Let the price of copper be 2s. per 
kilogram and the rate of interest be taken=10 per 
cent.; then, n;=2-4d. Let us assume the cost per 
unit at the power station=0-3d., and that the basis 
is that the plant works half time, i.e., h=4000; 
then current density of greatest economy is 


Rees ones 000 x 92-4 _ 94. 
0-3 x 4000 
or, in the more familiar terms, 
610 amperes per square invh. 

Example (2).—We will now take a more extreme case. 
We suppose that in a large power station the winding 
be specified on the basis of continuous running, i.e., 
h=-8000 hours in the year, and we will take 4 per 
cent. as the rate of interest, On this basis, with copper 
at 2s. 1d. per kilo., ny=1d. Taking the cost per unit 
at the power station=0- 25d., 

C= /§00,000 x91 
0-25 x 8000 
=47-4 amps. per cm.? 
== 300 amps. per sq. in. 

It is evident that when the nature of the service 
for which a dynamo is required is not defined, the 
current density will be a matter for compromise. 
It would appear that a figure in the region of 400 to 
500 amps. per sq. inch might be taken to meet 
average or unknown conditions ; that is, if economy 
is the sole consideration. 

We are now in a position to investigate the thermal 
conditions. We may take W to represent heat 
rejected per unit time=M L?/T?. This is the rate of 
heat loss represented by the C?R loss in the winding, 
not taking account of heat produced by friction or 
hysteresis. 

Then W will be related to the physical entities, 


8amp./em.2—_(B) 





(C) 








5 Thus, if cost per kilogram be 20d., and the rate of interest 
-= 5 per cent., n,= Id. 


-| By T 2q+p=3; or2q=2; q=1 
Therefore, W=kg x 6x L x const. 


away per unit time is directly as the linear parameter. 
This corresponds to the condition in which the con- 
ductor in the winding is in strict proportion, in which, 
as we have seen, the C*R loss is proportional to the 
linear parameter. In other words, when there is 
no cutting down of the copper, the problem of keeping 
down the temperature so far as concerns the conduc- 
tion of heat from the interior to the surface is no more 
exacting in the large dynamo or machine than in the 
small one. 

We will now deal with the temperature gradient 
as the criterion. Then W will be related to the 
| physical entities, thermal conductivity=M/LT, tem- 
| perature gradient Gg=L/T*, and a linear parameter L. 
| Hence, 





By M p=1. 
|} By L q+r—p=2; r=2. 
By T p+2q=3; q=1. 
and W=kg x Go x L? x const. 
Hence for‘an equality of temperature gradient and 
thermal conductivity at all points similarly situated 
geometrically, the heat rejected will vary as the 
square of the linear parameter. 
This condition corresponds to that in which the 
current density in the conductor is the same in 
machines large and small, z.e., when the design is that 
of optimum commercial economy, and in this case 
the fact that the temperature gradient is constant 
means that the maximum temperature difference 
between some point in the interior of the winding 
and the exterior is proportional to the linear size. 
This betokens that the problem of limiting the 
maximum temperature within the winding becomes 
more onerous as the machine is made larger in size.® 
This necessitates ventilation ducts in the winding 
of the larger machine, or other special provision, such 
as edgewise strip winding, not needed in a smaller 
model. All this is well known to the designer of 
experience, but the author believes that the light shed 
on the fundamentals of the problem by dimensional] 
theory is none the less of value. 
It is of interest to note that, so long as the condition 
of geometrical similarity is strictly observed, the 
weight of copper increases as the cube of the linear 
parameter, whereas if the designer works on the basis 
of a constant current density irrespectively of the 
size of the machine, the weight of copper varies as 
L*, that is to say, in the same ratio as power output, 
and as the winding becomes more and more compact 
with machines of larger and larger size the position 
steadily improves. Except for this fact the dynamo 
would follow the same law as do other motive power 
engines ; that is to say, the weight per H.P. would 
vary with size directly as L. 
Assuming strict similarity, it has been shown that 
the C2R losses vary as the linear dimension and not as 
the square, so that the heat developed will be dis- 
persed with only half the temperature gradient in a 
dynamo of twice the linear size. Since there is twice 
the distance to travel, the heat distribution for a given 
surface temperature will be similar and the internal 
temperature (so far as it is due to C?R) will be point 
for point the same as already demonstrated. In this 
particular dynamo and other electrical machines and 
appliances stand at an advantage in comparison with 
heat engines in which increase in size is always asso- 
ciated with increased temperature differences, the 
temperature gradient (as related to size) being 
constant. 
But in departing from the condition of similarity 
and adopting the constant current density as a basis, 
which, it has been shown, leads, commercially speak- 
ing, to maximum economy, this advantage is sacri- 
ficed. The C?R losses go up as the square of the 
linear parameter, and the conditions become com- 
parable to those which obtain in internal combustion 
and other heat engines. 
There is a further matter not so far dealt with, 
namely, the disposal of the heat (after conduction to 
the surface) into the surrounding air. The author 
dealt with the problem of surface cooling in a paper 
read before the Institution of Automobile Engineers 
in 1915, in which he disclosed the method used in the 
design of the early Lanchester cars. The equation 
there oven related explicitly to air at atencepheric 














7 It will be neues that Dr. Lanchester we adopte for temperature 
the dimensions of (velocity)* and rejects, as is now becoming 
common, the use of an auxiliary 
© or Everett’s A, in dealing with the dimensions of thermal 
entities.—Ep., Ton E 


temperature @=: | temperature and pressure; thus H.P, equivalent 


of heat carried away per square foot=6 V/15,000, 

where §=temperature difference deg, Fah. and 

V=velocity of air past, 7.¢., tangentially to, the 

surface. The full form of this expression is 

HP. equivalent of heat dispersed= 6 V p area Xx const.,* 

ML? 4? LOM. UL? 

Te TT TH 7 

in which it will be seen that the dimensions balance. 
In the application of this relationship to the 


or dimensionally, 


Thus provided that thermal conductivity is part | dynamo we have no very definite velocity in the air 
for part the same, and where identical temperatures | flow, as contemplated by the equation; never- 
exist at similarly situated points (i.e., under conditions | theless, apart from air currents due to external 
of strict similarity), the quantity of heat conducted | agency, it is certain that under the condition 


of strict similarity, there will be a similarity in 
the flow around different parts of the machine and 
that V may be taken as a comprehensive expression 
and for the limit prescribed by stress it will be constant 
for all machines irrespective of their lmear parameter. 
This leaves the rate of heat dispersal per unit area pro- 
portional to the surface temperature difference, and 
since under the condition of strict similarity, the heat 
to be disposed of is directly proportional to L, and the 
area is as L?, the difference of temperature at the 
surface between surface and air will be inversely as 
the linear parameter, 

Under the optimum condition (Kelvin’s law) the 
heat to be dispersed is proportional to L*, so that in 
this case the surface temperature difference and hence 
the temperature itself will be constant for all sizes, 
the same assumption being made as previously that 
the condition of similarity applies except as concerns 
the sectional area of the conductor. 

Summarising the position so far as cooling is con- 
cerned :—With copper, subject to the condition of 
similarity, the cooling by conduction from the interior 
to the surface is constant in relation to size, and the 
surface cooling is easier in the large machine than the 
small in proportion to the linear parameter. With 
copper determined by Kelvin’s law for optimum com- 
mercial economy, the cooling by conduction from the 
interior to the surface becomes less and less effective 
with increase of size, the temperature gradient is 
constant point for point, and the temperature differ- 
ence between the surface and similarly situated points 
in the interior increases as the linear parameter, but 
the surface cooling is equally effective, and the surface 
temperature will be the same independently of the 
size. This means that, not only is the temperature 
difference as stated, but the datum from which this 
temperature difference is measured is point for point 
the same, 


APPENDIX. 


From figures furnished by one of the leading elec- 
trical firms, the current densities used in the field 
windings are far higher than those calculated on the 
basis of Kelvin’s law. The figures cited are 1700 to 
1900 amps. per sq. in., or, say, 300 amps. per cm.* 
This is three times that given above as a maximum. 
Let us assume that the price of copper is correctly 
given as 2s. per kilo., and that we take as before the 
rate of interest=10 per cent., or, ny=2-4d. Then 
the price per unit at power station, taking h=4000 
(half-time basis), will be given by 

_ 500,000 x 9 x 2-4 

~ 300? x 4000 
On previous basis, example (B), i.e., current density 
= 94-8 amp./cem.* and n,;=2-4 
__ 500,000 x 9x 2-4 

94-8? x 4000 

as given in the éxample cited. 
If the coal consumption be 1-6 lb. per unit, and 
taking steam coal at 0-062d. per Ib., approximately 
12s. a ton, the cost per unit in fuel alone will be 0-1d. 
The optimum current density (on “half-time ” 
basis) 


=0-03d. per unit. 


=0-3d. per unit, 


500,000 x 9 x 2-4 


“N 0-10 x 4000 

= 1000 a ./sq. in. 
This, on the basis of copper cost alone, is stretching 
things to the utmost. If we take a “ full-time” 
basis, namely, h=8000 hours per annum (average, 
22 hours out of the 24), the current density becomes 

= 700 amps. /sq. in. 
If we take it that the cost of a unit at the power 
station is twice the flat cost of fuel, namely, 0-2d. 
per unit, the figure is reduced again, 


= 500 amps./sq. in., 


= 164 amps. /em.? 


and if we take 5 per cent. as the basis of interest 
charged (instead of 10%), the optimum figure comes 
down to 

350 amps. /sq. in. 
There is a point which so far has not been taken 
into consideration, namely, the increase of cost in 


other directions when the quantity of copper is 


increased. As a rough average the amount of copper 
in a dynamo accounts for about one-third of the total 


cost, and the general increase of cost, not merely 
the copper, is that which stands as a capital charge 
on which the interest should be calculated. This 
dimension, such as Rucker’s | general increase will be Jess than three times the cost 





* This Pas iN assumes air or some other gas of the same 


$ The situation is relieved to some extent mi _ greater | molecular weight as the cooling medium. For a given density 








6 At “ full time ” h may be taken = 8000 hours. 





compactness of the winding when the copper is red 





the cooling value of a gas is inversely as its molecular weight. 
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of copper increase for two reasons—(1) an actual 
increase in the copper must result in an increase in 
the proportion of copper, that is to say, the increase 
in cost in other directions will not be double that of 
the copper, as might be thought on the one-third 
copper basis; (2) the relatively expensive items, 
such as the commutator and brush gear, and the 
starting rheostat, also generally the mechanical parts, 
undergo no change. Moreover, there is an item on the 
eredit side, arismg from the simplification of the 
ventilating problem. So we shall be making a more 
than sufficient allowance if we take the total cost 
difference as three times the copper cost difference. 
On this basis total cost may be met by taking the 
cost of copper as 6s. 3d. per kilogram instead of 
2s. ld. We may visualise a power station in which 
the flat cost of electrical power is as low as 0- 2d. per 
unit. For such a station 5 per cent. will be a liberal 
allowance for rate of interest on capital charge. 
Then n,=3-75d. per annum. Let h=8000. 
Then, as before, current density 
500,000 x 9 x 3-75 _ 





105 amps per cm.? 
0-2 x 8000 ee 


or 680 amps. per sq. in. 
Even if we put the power station on “ half time,” 





that is, base the calculation on a 4000 hours per 
annum basis, we only reach a current density of 960 
amps. per sq. inch. If we were to put the rate of 
interest up to 10 per cent., which for such a station 
is preposterous, the value of n, is 7-5, and the current 
density recalculated on this basis becomes 1360 amps. 
per sq. in. on a half-time footing. Here, again, we 
have strained everything to the utmost—past 
reason—and we have only reached two-thirds of the 
current density in common use. 

The most probable explanation of the discrepancy 
is that the tenders are accepted on the basis of first 
cost alone, with provisions that the temperatures at 
specified points must not exceed certain limiting 
values prescribed by the B.S.I.° If this is so, it 
betokens a very short-sighted policy on the part 
of both the purchasing corporation or company and 
the supplier. It may be that a small difference of 
efficiency does not loom large in the eyes of the pur- 
chaser, and it may be that the supplier holds to the 
doctrine that it is not his business to “ educate the 
consumer,” but rather to pander to his shortcomings, 
a doctrine that seems to have gained an extraordinary 
hold in this country during the last few years. Or 
it may be that the present article has broken new 
ground, and that dimensional theory has gained one 
more victory in the realm of engineering. 








The Modern Water-Tube Boiler. 


THE INSTITUTION 


PDEFORE a well-attended meeting of the Institu- 

tion of Mechanical Engineers held in London on 
Friday of last week November 20th Dr. Friedrich 
Miinzinger of the A.E.G., Berlin, presented an interest- 
ing and important paper entitled “‘ Modern Forms of 
Water-tube Boilers for Land and Marine Use.”’ Under 
the chairmanship of Mr. F. H. Livens who acted as 
deputy for the President, Sir Nigel Gresley, the dis- 
cussion was well sustained although at times an 
element of partisanship seemed to lie not very far in 
the background. We begin a reprint of the paper 
elsewhere in this issue. 

Mr. Noack, of Brown Boveri and Co., Baden, 
opened the discussion with a summary of the merits 
and achievements of the ‘“ Velox” boiler. The 
general principle of that boiler, he said, was not new 
for a supercharged, forced circulation boiler had 
actually been patented as long ago as 1864. One of 
the slides which he threw upon the screen showed the 
normal efficiency of the “‘ Velox” boiler at various 
loadings from quarter to full load and included curves 
indicating the losses in the auxiliaries such as the 
gas turbine and blower. The gas turbine, he said, 
might under certain conditions give more energy than 
was required to drive the blower. The surplus energy 
could be usefully recovered with the result that the 
plant efficiency would be greater than the thermal 
efficiency. He emphasised the important advantage 
which the “‘ Velox ”’ boiler possessed in the fact that 
it could be completely erected and tested in the 
makers’ works before despatch. Dealing with the 
question of comparative weights he stated that the 
existing boiler plant of the ** Normandie ’’ weighed 
2900 tons. If it- had been equipped with “ Velox ” 
boilers the total weight for the same power would 
have been only 900 tons. A similar reduction could 
have been made in the weight of the “‘ Queen Mary’s ” 
boilers. 

Engineer Vice-Admiral G. Preece, Engineer-in- 
Chief of the+fleet,. discussing naval requirements 
placed reliability first and contended that from that 
point of view the natura] circulation boiler if not 
forced excessively was best. He noticed he said that 
according to Dr. Miinzinger @atural circulation 
depreciated as the pressure was increased. It was 
obvious, Admiral Preece said, that at low pressures 
with nothing but water in the tubes the circulation 
would be purely by convection and that it would 
again be of the same nature at the very high pressure 
corresponding to the critical state in which once more 
the fluid in the tubes would be of.uniform density. 
He would like to know at what pressure optimum 
conditions of natural circulation were encountered. 
It was possible, he continued, that the demand for 
increased output of steam per unit of weight and 
space would compel the Navy to adopt forced circu- 
lation boilers such as the “ Velox” or the ‘ La 
Mont.” The naval service was however different from 
others. For the greater part of their lives naval 
boilers were operated at cruising rates, say, at rates 
giving one-third full speed in peace time and two- 
thirds in war time. He therefore felt some doubt as 
to what they would do with the high-pressure, high- 
temperature stearm produced by forced circulation 
boilers. It would certainly be difficult to make use 


of 800 Ib. steam during manceuvring and cruising. 
He also felt that with high-pressure boilers the weight 
might be increased rather than decreased because of 
the need for the use of thick tube plates and so forth 
to withstand creep. In the Navy, he further remarked, 
occasions arose when the production of smoke was a 
necessity as for instance in laying down a smoke 
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screen. He had some doubts as to how the production 
of such smoke would affect forced circulation boilers. 
The old natural circulation boiler, he concluded, was 
not yet dead and he confessed he had still a love for it. 
Its weight factor, he contended, could be just as 
good as that of any newer form of boiler although 
admittedly its efficiency might be less. 

Dr. H. W. Queisser, of the Siemens-Schuckert 
Company, Berlin, said that whereas the first Benson 
boiler constructed about twelve years ago at the 
Rugby works of the English Electric Company worked 
at the critical pressure the Benson boilers as developed 
in Germany were designed to operate at pressures 
ranging from 400 lb. to 30001b. per square inch. 
There were now twenty-five Benson boilers in opera- 
tion with a total output of 2,000,000 lb. per hour. 
Six firms in Central Europe were licensed to build 
them. 

Mr. C. Humphrey Davy, of Babcock and Wilcox, 
dealt with a number of detailed points mentioned in 
the paper. He did not agree with the author’s con- 
tention that the natural circulation boiler with its 
water walls and all the additions made to it during the 
past fifteen years was more complicated than the 
forced circulation boiler. The illustrations given in 
the paper seemed to him to suggest the very opposite. 
He welcomed Dr. Miinzinger’s remarks concerning 
the desirability of standardismg modern boiler 
designs but he had to confess that progress in that 
direction was at present very slow. The author, he 
noted, said that the typical modern high-pressure 
boilers illustrated in Figs. 1 and 3—7 were character- 
ised by a complete or almost complete absence of 
boiler heating surface behind the superheater. That 
remark was not quite correct for the boilers in question 
were fitted with steaming economisers which were 
really forced flow convection sections. Boilers of 
that type were usually known as “ series boilers ” and 
had been in use since 1928. The list of advantages 
claimed by the author for forced circulation boilers 
in general might, he continued, be equally well 
claimed for the most part for natural circulation 


boilers. For example simplicity of lining of the 
furnace with water-cooled walls was as much a 
characteristic of the one type as the other. Again 


the claim made for the forced circulation boiler that 
the water circulation was insensitive to emergencies 
depended entirely upon what was regarded as an 
emergency. Would the shutting down of the forced 
flow pump be considered an emergency ? 

Mr. W. B. Shannon of the London Power Company 
remarked that in a forced circulation boiler the pumps 
must be as reliable as a modern steam turbine. The 
attaimment of that end seemed to present an important 
engineering problem. He asked the author for some 
information concerning Continental practice as 
regarded the control of superheat. His own experi- 
ence was that if it were not automatically controlled 
the weekly average figure of the superheat was always 
less than the designed figure. 

Mr. G. A. Plummer of John Thompson Water Tube 
Boilers Ltd. thought that while the number of novel 
designs of water-tube boiler now in existence was a 
healthy sign there was some danger of our being con- 
founded by the claims made for the different designs. 
We might, he said, be led to overlook the remarkable 
development which had taken place in normal designs 
of boiler, particularly those used on land. Numerous 
natural circulation boilers were in operation to-day at 





® This is definitely the case to judge from replies the author 
has received in answer to inquiries. 





pressures of 1400 lb. and over and with evaporation 
rates in excess of 40 lb. per square foot per hour. In 
America in particular considerable attention had been 
given to the development of large high-pressure 
plants, but in conspicuously few cases had novel 
designs of boiler been adopted. That fact was the 
more surprising because of the use now being made of 
natural gas as fuel for water-tube boilers. Natural 
gas was perfectly clean, almost free from sulphur and 
of high calorific value and would seem to be an ideal 
fuel for supercharged boilers. He disagreed with some 
of the claims made by the author for the forced flow 
boiler. Among those claims it was said that such 
boilers were suitable for high pressures and tempera- 
tures. Nevertheless the author himself admitted 
that one of the forced flow boilers mentioned in the 
paper, namely the Loeffler, had not fulfilled expecta- 
tions regarding the generation of salt-free steam and 
that great power was required to circulate the steam 
at lower pressures, a fact which seemed to impose a 
severe limitation on the pressure rarige over which 
such a boiler could be operated. Other factors which 
also served to limit the pressure range in forced flow 
boilers were understood to be the difficulties which 
developed at the glands of the circulation pumps 
and the ‘self-evaporation”’ of the water in the 
‘“down leg”? to the pump. Supercharged boilers 
suffered severe limitations as regarded the type of 
fuel which could be used while the initial cost of 
‘**once-through ” boilers and the complications of 
their regulating mechanism seemed to debar them 
from general adoption. While one or other of the 
special designs of boiler described by the author might 
be found to possess special merits in special circum- 
stances he held the view that modern designs of 
natural circulation boiler would fulfil our normal 
requirements with safety, durability and reliability. 

Mr. W. M. Selvey asked the members to regard the 
paper as one giving us descriptions of various boilers 
each designed for a special purpose. It was unfair 
to compare the forced flow, supercharged or “ once- 
through” boiler with a natural circulation boiler 
just as it would be unfair to compare a_ highly 
specialised shaping machine with a general purposes 
lathe. The paper might be considered under five 
heads; the use of high-pressure steam, the degreee of 
superheat and its control, unit weight—that was to 
say the weight of material per pound of steam pro- 
duced per hour—feed water treatment and the com- 
parison of forced with natural circulation. Each of 
those subjects would provide sufficient material for a 
complete paper. Touching briefly on them he 
remarked that as the unit weight was reduced the 
special types of boiler would become cheaper but 
with the development costs still high it was unreason- 
able to expect that the new boilers should for the 
time being be obtainable cheaply. As regarded feed 
water treatment he asserted that only in certain parts 
of the United States was its technique properly under- 
stood. It was possible to work a boiler with abso- 
lutely pure water. He knew of one instance in which 
the impurities amounted to only 0-2 part per million 
with a pH value of 10. Replying to Admiral Preece 
he said that the optimum pressure from the point of 
view of natural circulation appeared to be about 
1900 Ib. to 2000 Ib. per square inch. At about 2600 lb. 
the circulation became sluggish. 

Mr. 8S. McEwen, of the Mitchell Engineering Com- 
pany, said that twenty years ago it was believed that 
natural draught would do all that was required and 
forced draught was derided. We were in the same 
position to-day as regarded natural and forced cireu- 
lation. Foreed draught became popular when it was 
renamed controlled draught and control was an out- 
standing feature of forced circulation. He com- 
mented upon the author’s statement that the Loeffler 
boiler had failed to fulfil expectations as regarded the 
purity of the steam produced. The very reverse was 
true. The first Loeffler boiler, erected in Czecho- 
slovakia, had five drums and worked with very little 
make-up feed water. It gave absolutely pure steam 
with no “ carry-over.” To-day Loeffler boilers with 
only one drum were working with 100 per cent. make- 
up and were still giving perfectly pure steam. 

Mr. A. L. Timmins, of International Combustion 
Ltd., commented upon the author’s statement that 
at pressures in excess of about 400 lb. natural cireu- 
lation became sluggish if unheated downcomers were 
not used. Natural circulation he contended was 
reliable very far above the limit suggested by the 
author. 

Major W. Gregson, of Babcock and Wilcox, called 
attention to the unit weights of the boiler imstalla- 
tions in typical ships given by Dr. Miinzinger in 
Table IV at the end of the paper. Those weights 
showed a very wide variation but in Major Gregson’s 
opinion the differences were largely explained by 
variations in the boiler ratings. The ‘‘ Tannenberg ”’ 
had the very good unit weight figure of 1-6 which was 
coupled with a boiler rating of 17 lb. per square foot 
of generating surface per hour. Any of the other 
natural circulation boilers were quite capable of 
maintaining the same boiler rating. Hence to obtain 
a common ‘yard stick” he had corrected all the 
unit weights to a common rating. A study of the 
corrected figures showed that the natural circulation 
boiler designed on modern lines could fully bold its 
own in marine work with any of the other types men- 
tioned by the author. In particular he claimed that 
the Babcock-Johnson boiler had on test been found 
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to have a unit weight of 0-7 with a furnace release of 


over 350,000 B.Th.U. per cubic foot per hour. Con- 
tinuing he reminded the members that it was now 
some twenty-five years since the idea of surface com- 
bustion was developed. Some old records which he 
had looked up showed that an oil-fired surface com- 
bustion boiler evaporating 25 lb. of water per square 
foot of generating surface had shown an overall effi- 
ciency of 92 per cent. on the net value of the oil. 
In later designs the surface combustion principle was 
abandoned because it was found difficult when the 
load varied to preserve the correct air/oil mixture 
ratio. If there was a momentary check in the air 
supply, violent sooting occurred as a result of the 
high rating and it was practically impossible to clean 
the boiler and bring it back into service without 
partially dismantling the unit. That same fact 
seemed to constitute a source of weakness in any pres- 
sure combustion unit employing a high gas velocity 
for even the most perfect form of automatic control 
was liable to get slightly out of adjustment. 

Dr. Miinzinger expressed his appreciation of the 
manner in which the paper had been received but 
reserved his reply for writing later. 








Automatic Arc Welding Apparatus. 


ALTHOUGH automatic arc welding is practised to a 
very limited extent in this country, it is claimed to 
offer in many cases considerable advantages, and we are 
indebted to Mr. A. E. Lawton, of Welding Plant, Ltd., 
of 38,. Marsham-street, S.W.1, for the following notes 
concerning its use in Germany and elsewhere. 


spheric nitrogen and oxygen. Welds made with “ Elin” 
carbon apparatus meet the requirements of specification 
authorities on butt joints up to jin. thick and }in. lap 
edge and fillet welds. 

When high quality of welded seam is demanded on 
plates above these thicknesses automatic carbon arc 
welding is not recommended by the Welding Plant, Ltd. 
Generally speaking, the average welding speed obtained 
with the equipment which this firm supplies is from three 
times that of hand welding at one-third to one-quarter 
the cost. One of the most important claims made 
for the automatic method is that the seam is con- 
tinuous throughout its length, whereas with hand 
welding it is interrupted at the beginning and finish of 





Hand welding is largely a matter of satisfactory work- | 
manship, and although a weld may appear to be good on | 


the surface reliance has to be placed on the conscience 
and integrity of the operator. Efforts have been made to 
ensure sound welds by stipulating that workmen must use 
a certain value of welding current with a specified elec- 


trode, and a definite amount of electrode material for a | 


given length of seam, but the problems of quality and 
cost can best be solved in many cases by the use of auto- 
matic apparatus which is made in three types, viz., 


carbon arc, bare wire, and coated electrode apparatus. | 


Since the hand welder in large and small works gives 
approximately the same results with the same wages 
cost, small works with relatively small overheads and 
capital are able to turn out work at the same cost as large 
works, but the employment of automatic equipment 
results in a considerable saving. 

The Elin Company, of Vienna, claims to be the pioneer 
of automatic are welding, for as far back as 1927 it supplied 

















FiG. 1—TRAVELLING CARRIAGE ON GIRDER 


carbon are welding equipments which are still in use. 
Since that year many improvements have been made, 
largely as the result of the researches and experience of 
Drs. Reiter and Rosenberg. The magnetic variable and 
reversible rotation of the are ensures stability and sets 
up rotation of the molten bath or crater, giving perfect 
amalgamation of the plate edges and causing any impurities 
or gases present in the molten bath to rise to the surface. 
The patented method of securing consistent arc length, 
common to all three types of automatic welding apparatus, 
is another important feature. 

The electrode feed motor is supplied with reversible 
D.C. from a Ward Leonard control set consisting of a 
motor dynamo and dynamo exciter. It is automatically 
regulated by the voltage of the arc in such a manner that 
® variation of a fraction of a volt results in the electrode 
being automatically advanced, stopped, or reversed. In 
practice, the system has proved very reliable and efficient, 
and requires no attention beyond occasional cleaning 
of the commutators. The plate edges may be simply fused 
together, or, with the addition of a filler wire, auto- 
matically fed into the arc, special fluxes being brushed 
on to the seam prior to welding. These fluxes improve 
the quality of the weld and give off gases which form a 
shield around the are and prevent the entrance of atmo- 























Fic. 2—CARBON ARC WELDING HEAD 


each electrode, and the junctions often prove a source of 
weakness. Automatic carbon are welding is the fastest 
and cheapest of any known arc system. 

In the case of apparatus which uses coated electrodes 
in coiled form electric contact has been made with the 
metal electrode by milling or cutting through the coating 
whilst the electrode is fed through the apparatus. Objec- 
tion to this scheme is that part of the coating is. 
removed, the area of contact is small, and bad contact 
can result on the bared metal surface of the electrodes 
Particles of coating may be present between the points 
of contact. As the electrode has to be provided in coil 
form the diameter is naturally limited, and even on plates 
of medium thickness this necessitates many runs. 

Another type of apparatus uses electrodes of unusual 





Automatic bare wire welding has not met with the same 
amount of favour in this country as it has on the Con- 
tinent, where it is employed on an extensive scale, particu- 


larly in Germany. The specification authorities in this 
country regard bare wire welding with suspicion, although 
it is doubtful whether the limited presence of oxides and 
nitrides in the weld is more dangerous than the slag 
inclusions arising from imperfectly cleaned covered elec- 
trode welds. Steel manufacturers producing bare wire 
electrodes in Germany appear to pay careful attention 
to providing the highest quality of wire for the purpose. 
One of the leading German steel works has an output of 
bare wire electrodes of 150 tons per month. The Elin 
Company has supplied a large number of automatic bare 
wire electrode welding equipments to most European 
countries, but only to a very limited extent to Great 
Britain, the first equipments being supplied shortly after 
the war. 

Summarising the relative merits of the three types of 
automatic welding equipment, automatic carbon arc weld- 
ing gives the highest welding speeds and lowest costs 





FiG. 3—EQUIPMENT FOR WELDING TANKS 


when welding plates from 20 S5.W.G. to in. thick. The 
welding of thicker plates by this method is not recom- 
mended. The welding speed is three to four times that of 
hand welding, at an average of one-third of the cost and 
the quality of the weld complies with existing test 
regulations. 

With automatic covered electrode apparatus long seam 
welding may be carried out without breaking the arc 
and standard electrodes may be used without waste of the 
electrode ends. Ideal welding conditions are claimed to be 
maintained under electric and mechanical control, 
resulting in higher welding speeds, whilst there is no delay 
or interruption of the weld when a new electrode is 
brought into use. Heavy electrodes of from }in. to }in. 
may be used and plates from ~in. up to any thickness may 
be welded with ease. The weighty electrode and heat 
generated may prove very fatiguing to the hand welder, 
who quickly tires in his effort to maintain a steady arc 
and good work. The overall speeds with the automatic 
system may be 20 to 60 per cent. faster than that obtain- 
able with hand welding. 


can be 





| length, but while this reduces the number of interruptions 
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FiG. 4—AUTOMATIC CARBON ARC WELDING EQUIPMENT FOR TANKS AND CYLINDERS 


it does not eliminate them. Automatic control of the arc 
length and voltage is difficult, because the electrical 
resistance varies as the electrode burns away, causing 
variations in the welding current. The ‘ Elin ’’ apparatus 
makes use of any standard length of electrode continuously 
without breaking the are between the finish of one elec- 
trode and beginning another. The operator can rapidly 
renew the electrodes as they burn away. The length of 
electrode through which the welding current passes does 
not exceed that of electrodes used for hand welding and 
automatic control of the are length is obtained 
without difficulty. Many of these equipments have been 
employed on high-quality welding for pressure and other 
work for more than two years. 








employed for the building up of worn parts and for work 
on which the demands on the seam do not call for high 
ductility, such as storage tanks, worn flanges of railway 
tires, low-pressure gas and water mains, &c., the cost of 
electrode material being much lower.than that of coated 
electrode material. 

The advantages common to each type of apparatus are 
visible welding speed, the current and arc are under elec- 
trical and mechanical control by the welder and supervisor, 
there is continuous welding without interruption, the 
quality of the weld is consistent and the human element 
is practically eliminated. 

In works in which comparatively long seam work, either 
straight, circular, or otherwise, is regularly undertaken 
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it is desirable to seek the advice of automatic welding 
specialists, even if the application of automatic arc welding 
is found to be impossible. 

In Fig. 1 is shown a self-acting travelling carriage 
traversing on a H girder of any desired length, the carriage 
being capable of twenty speeds and including a switch- 
board with press button controls. The automatic covered 
electrode welding head is mounted on the carriage and has 
universal adjustment. The illustration Fig. 2 shows an 
automatic carbon arc welding head with a device for the 
automatic feed of filler wire with variable speed control. 
Fig. 3 shows a travelling gantry on which is mounted 
transversely a travelling carriage and welding head. The 
gantry runs on rails at any desired speed for welding 
straight seams and the equipment operates on cylindrical 
tanks and pressure vessels. It is also used for the welded 
fabrication of broad flange girders fronr rolled plates. 
The last illustration, Fig. 4, shows a unit for the automatic 
carbon are welding of rectangular tanks up to 8ft. by 5ft. 
by 4ft. and cylinders up to 6ft. by 3ft. diameter. At the 
extreme right can be seen the hydraulic oil pressure 
clamping fixture for welding the straight seams of cylinders. 
All movements of the travelling carriage and head are 
electrically operated by push button controls. The auto- 
matic welding apparatus shown in Figs. 1 and 2 is avail- 
able for demonstration at the London showrooms of 
Welding Plant, Ltd., at 38, Marsham-street, S.W.1. 








The Southern Railway’s New 
Warehouse at Nine Elms. 


THE Southern Railway’s new warehouse and granary at 
Nine Elms, London, which was opened on November 20th, 
is designed to fulfil the essential functions of a store- 
house for grain and general goods. The building is 310ft. 
long by 80ft. wide and 100ft. high at the three towers. 
The ground floor is arranged at platform level. A rail 
siding is provided along the riverside front of the building, 
with an external platform, 10ft. wide, under a canopy, and 
this platform contains three platform weighers, which can 
be reached by the cranes on the wharf side through gaps 
in the canopies. On the south side of the building a similar 
platform is provided for road traffic, and two sidings from 
a level crossing in Nine Elms-lane are brought into the 
building entirely under cover. The whole of the ground 
floor is finished in granolithic and is available for general 
merchandise. The first floor is a concrete floor, also with 
granolithic finish, and is also available for general mer- 
chandise. There are four more storage floors above the 
first of solid 4in. planks of Columbian pine with maple 
finish, lin. thick, available for grain storage. The building 
is characterised by the vertical treatment of its elevations, 
thirty-eight concrete columns of semi-octagonal section 
running from top to bottom at 8ft. 4in. centres, dividing 
the side elevation up into thirty-seven panels, filled in 
with windows and red brick. Above the general roof level 

70ft. above ground—all the construction is of concrete 
and consists of a longitudinal conveyor gallery, 280ft. 
long, intersected by three towers which contain the 
elevator heads and lift gear. The building has a total 
storage area of 135,000 square feet with accommodation 
for about 12,000 tons of merchandise and has been erected 
at a cost of £112,000. 

The warehouse is equipped with a complete mechanical 
handling plant to reduce the man handling of goods to 
the mmimum. Goods arriving by river are lifted by the 
wharf cranes and placed either on the ground floor plat- 
form or alternatively may be loaded directly to the upper 
floor by means of loophole doors, provided in five 
positions on each floor on the river side. Grain in bags is 
received on the ground floor, whence it is taken by one of 
six vertical sack elevators to any floor above. When the 


grain is required to be taken to another portion of the 
building not immediately above the reception point the 
bags are carried up in the elevator and discharged on to 
one of three reversible band conveyors on the sixth floor, 
which take it to one of twelve spiral chutes, which dis- 
charge the bags to any floor in any part of the building. 





Four of the twelve spiral chutes are twin chutes and are 


situated at the points where the sidings come into the 
building. These chutes allow grain to be discharged on 
either side on to trucks standing in the sidings. The 
elevators have a maximum capacity of 380 bags per hour, 
and the reversible band conveyors operate at a speed of 
150ft. per minute. 

The site consists of about 40ft. of made ground overlying 
blue clay, and the whole building is carried on 800 rein- 
forced concrete piles approximately 50ft. long and 16in. 
square, and carrying a load of 70 tons each. They were 
driven by a 4-ton hammer dropping 4ft. When piling 
was begun it was found that the site contained the 
foundations of old walls and warehouses, .the brick and 
concrete foundations of which were carried down in some 
cases 20ft. below ground level. It was necessary to 
excavate these old foundations before the piles could be 
driven. The building is composed of reinforced concrete 
beams and columns. The windows are of wood with hard- 
wood transoms and sills, and are all arranged for glazing 
from the inside. The openings in the windows are arranged 
so that the whole of the outside surface of the windows can 
be reached from inside the building. The walls are 1lin. 
cavity walls of red brick with stainless steel ties. The 
general contractors for the work were Peter Lind and 
Co., Ltd., and the whole of the work has been completed 
in twelve months. 

An office building is provided to house the various 
departments required in connection with the granary. 
The offices are provided with central heating and the plant 
has been arranged to be capable of extension to provide 
heat to a portion of the granary, if this course should be 
found desirable, as, for example, for the storage of cider 
and other goods, which must be maintained at an equable 
temperature. 

The designer and consulting engineer was Dr. Oscar 
Faber, assisted by Mr. K. Montgomery-Smith, on the 
structural work and grain handling plant, and by Mr. J. R. 
Kell on the mechanical and electrical services. The whole 
of the work was carried out to the general instructions of 
Mr. G. Ellson, chief engineer to the Southern Railway. 
Two photographs are reproduced above. 








Personnel in Engineering. 


Tue following excerpts are taken from the Inaugural 
Address of Mr. A. F. Shillington, M.I. Mech. E., President, 
Belfast Association of Engineers, October 21st, 1936. 


The whole trouble with the man in whose training the 
theoretical has always predominated is that in many cases 
he finds it difficult to accept the compromises and short 
cuts which are so essential in the workaday world. 


* * * * 


It seems to me that the future of the engineering pro- 
fession depends largely upon the financial recognition 
given to its technical men. In the past they have suffered 
in comparison with men in other trades and professions 
whose initial training and experience was by no means so 
arduous and costly and whose income was considerably 
greater. 

* * * * 


Like all professions, there is always room at the top, 
but it is those holding the intermediate positions who form 
the great bulk of working engineers, and who are in many 
cases by no means so well recompensed for their proved 
abilities as their training and experience deserve. At the 
same time we must remember that we are living in an 
unjust world—A is happy, B is not—and a man who loves 
his profession can get a lot of kick and pleasure out of life, 
even though the ha’pence may be few. 


* * o* * 


The reward may not always be financial ; to some men, 
particularly those of an ambitious nature, the attainment 
of a higher position, of more control, may outweigh purely 
financial considerations. To the average man, however, 





it is money that counts. You will find though that in 
most cases, unless the reward is within measurable distance 
it has little or no value. Some exceptional men can fix 
their eye on a distant goal and strain every nerve to attain 
it, however long the struggle may be. To the majority, 
however, the object to be attained must be comparatively 
near. Once reached, another step may be made, and so on. 

In the animal kingdom, or perhaps one should say in 
the transport trade, there is no use dangling a carrot, 
however, large, 50 yards from the donkey. It must be 
sufficiently near to exercise attraction, otherwise its value 
is nil. Similarly in business, as, for instance, in the case 
of salesmen receiving a bonus on sales or a partial com- 
mission, the period during which the commission is being 
earned should be short. In many cases quarterly payments 
are found to have greater effect than if a full year has to 
be worked before any reward is received. On the other 
hand, if the period is too short the amount of bonus 
tends to become so small as to be of little stimulative value. 

Unfortunately the rewards are unevenly divided. All 
can have the satisfaction of a good job well done, but as a 
general rule, the financial plums seem to hang more richly 
on the commercial side of the fence than on the purely 


technical side. 


* * ~~ * 


lt is wonderful the difference made by the manner in 
which instructions are conveyed and the mental reaction 
of those receiving the instructions. A little consideration 
of the other fellow’s point of view and a little tact in the 
wording of an order will convert it into a request willingly 
acceded to instead of a curt demand grudgingly obeyed. 


* * * * 


Many a man feels very disgruntled when the credit for 
a good job that he has put through has been given to his 
chief and his efforts apparently overlooked. This does 
happen, but it also frequently happens that the original 
motive behind the job came from his chief and the man 
himself was only carrying out instructions. In any case, 
the man in authority may get occasional credit for which 
he has not worked, but remember he has also to shoulder 
the blame for mistakes made by those under his authority. 
He has attained a certain position, and must hold it with 
all its assets and its liabilities, too. 








NEW SHIPBUILDING ORDERS.—An order for two des- 
troyers for the Greek Government has been placed with 
Yarrow and Co., Ltd., Glasgow. It is announced by the 
Peninsular and Oriental Steam Navigation Company that 
an order has been placed with Alexander Stephen and Sons. 
Ltd., Glasgow, for a vessel of a similar type to the “* Corfu ”’ 
and ‘ Carthage,” with such refinements and improve- 
ments as have been developed since the building of these 
ships. The new ship will be faster and also somewhat 
larger than the two vessels named, and will have an 
additional passenger deck. Her passenger accommoda- 
tion will provide for first and second-class passengers 
totalling 470, while her total cargo space will be 7800 tons 
measurement, with a proportion of this capacity for 
insulated cargo. The machinery will be single-reduction 
Parsons geared turbines taking steam from water-tube 
boilers. As regards passenger equipment, the new liner 
will be of a similar type to the ‘“ Strathmore.” There 
will be ample promenade spaces for passengers, as well as 
large sports decks, so that although a larger number will 
be carried than in the ‘‘ Corfu-Carthage ” class, there will 
actually be more deck space than in those two liners. 
At Scotstoun, the Blythswood Shipbuilding Company, 
Ltd., has received a contract to build two 9000-ton 
high-class cargo motorships. They will be 420ft. in 
length by 56ft. beam, and of a moderate draught, and the 
propelling machinery will consist of oil engines of the 
Doxford type, supplied by Barclay, Curle and Co., Ltd., 
of Whiteinch, and built at their North British Engine 
Works. At Sunderland an order for a motorship of 
9200 tons has been placed with William Doxford and 
Son, Ltd., by Stephens Sutton, Ltd., of Newcastle-upon- 
Tyne, while the Caledon Shipbuilding and Engineering 
Company, Ltd., of Dundee,shas received an order for a 
cargo steamer of 9250 tons deadweight for London owners. 
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A New Tubular Scaffolding 
Bracket. 


WE illustrate herewith a simple scaffolding bracket 
of improved design which has been introduced by Emms, 
Thorne and Sheehy, Ltd., 22, High-street, Kingston-on- 
Thames. The body of the bracket is made from a piece of 
folded steel plate with the two lower arms riveted on, 
and the locking key is a steel forging. The bracket 
when slipped on automatically stays in position, and when 
the cross tube is pushéd in its weight tends to lock the 
bracket, and the greater the weight placed on to the cross 
tube the tighter the bracket is locked, the key merely 
acting as a safety locking device. Our right-hand illus- 
tration shows the method of fastening two tubes vertically 
by using the bracket in conjunction with a short steel 


isolation principle has been adopted, with consequent 
saving in space. Moreoever, the units are a d so 
that they can be mounted close against the wall, all cable 
jointing being effected from the front of the unit with the 
circuit breaker removed. To make operation and main- 
tenance as simple as possible each unit is equipped with a 
self-contained manually operated raising and lowering 
mechanism. When it is required to inspect the contacts 
the breaker is lowered to the floor level, an operation which 
takes about 2} minutes, whilst that of replacing it takes 
3 minutes. A change over from one bus-bar to another on 
double bus-bar units is effected in less than a minute. 
The illustration shows a breaker in the service, isolated and 
withdrawn positions respectively. 

Situated at the top of the unit and housed in “‘ Penetrol ” 
and oil-filled compartments respectively, the current and 
potential transformers are easily inspected. The oil 





circuit breaker can be arranged for hand or remote elec- 























BRACKET FOR TUBULAR SCAFFOLDING 


spigot to ensure correct alignment. No skill is needed 
in fastening the brackets, and adjustment once they are 
on is easy and rapid. At a demonstration we were shown 
that the brackets may be literally thrown on the upright 
tube, and they remain in position until locked by the 
insertion of the cross member, and the time taken, 
including the tightening of the safety key, was less than 
one minute. 








New Switchgear. 


‘To meet the demand for switchgear of medium breaking 
capacity the General Electric Company, of Magnet House, 
Kingstvay, W.C.2, has introduced. a new range of gear, 
known as “ subgear.”’ The chief advantages claimed for 
it are saving of space, high speed of manipulation for 


inspection and bus-bar selection, safety and accessibility. 
Constructed in both single and double bus-bar units with 
circuit breakers with rupturing capacities from 75,000 to 


NEW SWITCHGEAR OF MEDIUM BREAKING CAPACITY 


250,000 kVA and for high tension switching at from 3300 to 
11,000 volts, the gear has a wide field of application, the 
current range being from 300 to 1200 amperes. The gear 
is completely metal-clad, compound and oil filled, and 
protection from dust and dirt is given to all live parts. 
Interlocks prevent incorrect switching. 

As the accompanying illustration shows, the vertical 











trical control by a D.C. solenoid mounted on the front of 
the unit. Facilities are provided for earthing the feeder 
cables through the circuit breaker. 

We are told that complete “subgear” units have 
withstood searching tests in the G.E.C. high-power testing 
laboratory. 








The Schmutz Automobile Brake. 


A NEW form of vacuum brake suitable for all types 
of road vehicle was described in the issue of October 
3rd of our contemporary Le Génie Civil. It is particularly 
suitable for use on heavy lorries where the effort required 
to apply the brakes directly is often considerable. The 
Schmutz vacuum cylinder makes use of the suction in 
the engine induction system to produce a vacuum in the 
normal way, but instead of the piston type of operating 
motor a series of diaphragms is used acting on a central 
operating rod connected directly to the brake rigging, 


tration shows a section of the mechanism. It consists 
of @ series of diaphragms acting in individual chambers 
as shown, and attached at their centres to the brake rod, 
which, in turn, is connected to the brake rigging. The 
vacuum system is in communication with each chamber 
by means of the manifold along the top of the mechanism, 
and the chambers behind the diaphragms are in com- 
munication with the atmosphere by means of openings 
visible at the lower ends of the chambers. The free end 
of the brake rod is attached to a rocking lever which is 
connected to the brake pedal at the fulcrum and having 
at its other end the control valve. Thus the pull of the 
pedal acts directly on the brake operating rod, and also 
pulls open the control valve as shown in the drawing. 
The valve opens against a spring and also against the 
pull of a subsidiary diaphragm A, which, at the initial 
application of the brakes, provides only a small resistance. 
As soon as the valve has connected the brake-operating 
manifold to the source of vacuum, @ pull on the diaphragm 
A is caused by the vacuum in the portion of the manifold 
marked B. As the same source of vacuum causes the 
pull on the subsidiary diaphragm A and on the brake- 
operating mechanism, through the main diaphragm, it 
follows that the pull on the subsidiary diaphragm and, 
therefore, through the control valve on to the pedal, is 
in direct proportion to the pull on the main brake-operating 
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THE SCHMUTZ BRAKE MECHANISM 


diaphragms in the ratio of the diameters. The power 
of the brake application is therefore strictly proportional 
to the degree of pressure required on the pedal regardless 
of the position of the brakes, &c. The actual pressure 
applied to the brake pedal assists in the brake applica- 


| tion, and in case of a failure of the vacuum system can 
apply the brakes mechanically. 


In order to provide 
against a failure of the available vacuum a reservoir is 
provided large enough to operate five or six brake applica- 
tions and connected to the vacuum system by the normal 
retaining valve which only opens when the vacuum in 
the reservoir is not so great as the vacuum in the system. 
The Schmutz brake is unaffected by atmospheric tem- 
perature, and has overall dimensions in the case of the 
four-diaphragm model illustrated of 592mm. (23,in. 
approximately) length, and 275 mm. diameter (approxi- 
mately 10}in.). With a vacuum of 0-6 atmospheres 
(about 17-35in. gauge), a tractive force of 960 kilos. 
(about 2118 Ib.) is provided. 

A useful application of the Schmutz operating cylinder 
is in conjunction with hydraulic-operated brakes. <A 
model is available in which a three-diaphragm unit 
having the diaphragms reversed operates directly the 
cylinder of an ATE hydraulic mechanism. A 17-35in. 
vacuum gauge reading is sufficient in this mechanism 
to produce a pressure in the hydraulic conduits of 63 
atmospheres (about 180lb. per square inch). This 
adaptation is particularly useful in the case of lorries 
hauling trailers for the trailer brake application. 
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-* 


or acting as the push-rod of the operating piston of a 
hydraulic system. The use of diaphragms reduces the 
size of the mechanism considerably, and eliminates 
the leverage necessary to reduce the length of piston 
travel to that of the brake system, and in consequence 
the degree of ‘lost motion,” which causes a time delay 
between the brake application and its effect. 








| CARTRIDGE 


The illus- ‘ of view, although dimensions have been laid down. 








BRITISH STANDARDS INSTITUTION. 


All British Standard Specifications can be obtained from the 
Publications Department of the Institution at 28, Victoria-street, 
London, S.W.1. The price of each specification is 28. 2d. post 
free, unless otherwise stated. 





HIGH-TENSILE 5 PER CENT. NICKEL 
HARDENING STEEL. 


No. 8.90. This specification has recently been issued 
by the Institution for aircraft purposes and is a revision 
of and replaces B.S. Specification No. 8.83. The altera- 
tion to the specification number has been necessitated by 
a slight reduction which has been made in the mechanical 
test figures, owing to the difficulty of obtaining the values 
specified in 8.83 from the standard l}in. diameter test 
samples. The up-ending test is no longer required on bars 
and billets for forging, and the procedure for selecting test 
samples has been modified. Price 1s. 2d. post free. 


CASE- 


FUSES FOR RAILWAY SIGNALLING 
CIRCUITS. 

No. 714—1936. This specification is one of a series for 
materials and apparatus used for railway signalling. It 
is also one of a series of specifications for electric fuses. 
The manufacturer of the complete cartridge is not tied 
down to specific materials, being in this respect only 
subject to the clause that, whatever the material, it shall 
have no deleterious action on any part of the fuse during 
its life. The general construction of the fuse has not been 
stipulated, but the capping and overall dimensions have 


| been rigidly standardised in order to ensure interchange- 


ability. Sufficient data were available to define closely the 
performance of fuses for’ voltages up to 250 volts, and 
definite performance limits have therefore been laid down 
for such voltages. The purchaser is thus in the position 
of being able to specify performance figures which are 
representative of good practice and based on experimental 
investigation. The experimental data for 650-volt fuses 
are not at present sufficiently advanced to allow of per- 
formance limitations being laid down for this voltage. 
The specification is therefore incomplete from this point 
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Modern Water-Tube Boilers for 


Land and Marine Use.* 


By FRIEDRICH MUNZINGER, Dr.-Ing.+ 


I. INTRODUCTION. 


ALTHOUGH the steam boiler is the oldest form of thermal 
power generator, no other field of heat engine construction 
has undergone such fundamental changes during the 
past twenty years. Knowledge concerning the process 
of firing, the transfer of heat through heating surfaces, 
the mechanics of natural water circulation, the condition- 
ing of feed water, &c., has advanced during this period 
just as rapidly as have improvements in manufacturing 
methods and the art of producing steel. On the one hand, 
the call for higher efficiency, pressure, and superheat, 
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York). Pressure, 1400lb. per square inch ; 
together with small size, light weight, and low price, 
has become ever more insistent. On the other hand, 
steels with properties unthought .of at an earlier date, 
together with thermal research and advances in welding 
technique, have resulted in the production of entirely 
new designs of boiler, at the same time arousing extra- 
ordinary activity in circles concerned with steam pro- 
duction. Although it is not yet possible definitely to 
indicate the designs which will ultimately achieve success, 
valuable inferences can already be formed and the direction 
of future development indicated. 

Practically all industrial nations have contributed 
to the advance, and it would be useless to attempt to 
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Fic. S—Radiant Type Boiler with Single Upper Drum (Rheinmetall-Borsig A.G.). 
Pressure, 675 lb. per square inch ; output, 80 tons per hour. 
Continuous Slag-tapping Furnace and Superheater Control (Babcock and Wilcox, New York). 
Radiant Type Boiler with Superheater, Economiser, and Air Preheater (Inter Lc 


London). 
Boiler with Superheater between Nests of Tubes. 


determine which has added the most valuable share. 
The United States are above all to be thanked for the 
construction of practical pulverised coal firings and for 
important research into heat transfer. Great Britain 
is the birthplace of the first boiler with completely water- 
cooled furnace walls (the Wood boiler) and of the first 
foreed-flow boiler (the Benson boiler); Germany has 
carried out extensive research into the relationship 
between heat transfer and loss of draught, and has 
developed forced-flow boilers, whilst Switzerland has 
produced the first boiler with a supercharged furnace 
(the Velox boiler). 

* The Institution of Mechanical Engineers, November 20th. 

+ Consulting Engineer, Allgemeine Elektricitaéts Gesellschaft, 
Berlin. 








Radiant Type Boiler with Superheater and Air Pre-heater (Dirr-werke). 
Superheater, Air Preheater,and Economser (Deutsche Babcockwerke). Pressure, 1200 lb.per square inch ; output, 45 tons per hour. 
Preheater, and Steaming Economiser (Kohlenscheidungs-Gesellschaft). 
output, 127 tons per hour. 
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A fact common to many of these novelties is that 
the principles on which they are based were first con- 
ceived a long time ago. Narrow-tube once-through 
boilers were actually proposed by an Englishmen, Fitch, 
in 1785. The scheme of putting the furnaces under 
pressure and driving the blower by a gas turbine through 
which the combustion products flow is to be found ina 
German patent specification of 1904. But the decisive 
step for its success, namely, the production of a market- 
able boiler, was only taken at a recent date, previous to 
which the premises regarding theory, design, material, 
and manufacture could not be adequately fulfilled. The 
surprising abundance of new boiler designs is not least 
attributable to the fact that design theory, steel produc- 
tion, and methods of manufacture, have steadily improved 
to an extent which permits the solution of practically 
every modern problem. So wide are the possibilities, in 
fact, that even experienced engineers are finding it increas- 


theoretical quibbles at the expense of practical engineering. 


Marin CAUSES OF CHANGE IN THE CONSTRUCTION OF 
WATER-TUBE Borers Since 1920. 


Il. 


The paper deals principally with German construc- 
tions, with which the author is especially conversant, 
and which may prove to be more interesting to an English 
audience than their own familiar designs. 

If we wish to appraise the numerous innovations in 
connection with water-tube boilers, we must first be 
clear as to the reasons for their origin. Up to 1920 the 
construction of boilers throughout the world was rather 
conservative. Horizontal-tube boilers were almost com- 
pletely dominant in Great Britain, while the United States 
and Germany employed the vertical-tube type besides, 
though in smaller numbers. 

The introduction of pulverised fuel firing, the astonishing 
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ingly difficult to pass sound judgment on the prospects 
of many novelties. Another element of uncertainty is 
provided by the vast sums which modern undertakings 
can invest in development work, thereby overcoming 
difficulties which may repulse less powerful companies 
from the beginning. 

But engineering obeys a law of compensation; the 
advantages of new principles and designs are almost 
always counterbalanced by weaknesses. The advantages 
are rarely so great as to make the new article definitely 
and generally superior to existing types. For this reason 
it is often profitless to aim at singling out the absolute 
best of various designs when they are actually of prac- 



































Pressure, 1650 lb. per square inch ; output 78 tons per hour. 


Pressure, 450 lb. per square inch ; output,37 tons per hour. 
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Radiant Type Boiler with Superheater, Air 
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Sectional Boiler (Babcock and Wilcox, New 
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increases in steam pressures and temperatures, the 
heating of feed water by bled steam, and the extensive 
use of chemically treated feed water—although the 
practice of conditioning had been much improved— 
placed totally new demands on the operation of boilers, 
but, on the other hand, simultaneously opened up new 
possibilities for their construction. The mutual influence 
of these factors and improvements in boiler manufacture, 
and the production of alloy steels, have placed their 
special mark on the boiler design of the last fifteen years. 

The increased output of the furnace finally demanded 
its lining with water walls in order to limit the tempera- 
ture, and it was found necessary to connect the water 
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tically equal worth. But many engineers fancy some 
particular merit of a machine to the extent of forgetting 
its darker side. Backed by clever advertising, novelties 
of doubtful worth frequently attract entirely undeserved 
attention. The greater the diversity of practicable 
methods, the more critical must the engineer be in weigh- 
ing the pros and cons of the various designs and in selecting 
the most suitable for his own purposes. 

Close specialisation and scientific methods of working 
are of great importance if the utmost in power and 
efficiency is to be won, but no less valuable are common 
sense, cool-headedness, and the ability to recognise 
essentials. These qualities are the finest guard against 
the degeneration of theory into fruitless, scientifically 
crabbed speculations and against the over-emphasis of 
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Fic. 6—Sectional Boiler with Superheater, Economiser, and Air I’rcheater (Babcock and Wilcox, 
Fic. 7—Straight-through Gas Flow Sectional Boiler with Super 
Pressure, 1300 lb. per square inch; output, 260 tons per hour. 

). Pressure, 625 1b. per square inch ; output, 77-93 tons per hour. 
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, Economiser, Air Preheater, Two-stage 
Fic. 8—Lopulco 
Fic. 9—Sectional 


walls with the boiler drums by complicated and expensive 
piping, to assure satisfactory circulation. 

Experience, together with research work principally 
carried out in Germany, proved the indispensability of 
unheated downcomers in extra high-pressure boilers on 
account of the reduced difference between the specific 
weights of water and steam. Such devices are only of 
secondary importance at pressures up to about 300 lb. 
per square inch. Since the ratio of liquid heat to heat of 
evaporation rises with rising pressure, the evaporative 
surface of extra high-pressure boilers is relatively small. 
Due to the high temperature of feed water preheated 
by bled steam, air preheaters have to be added to the 
economisers in order to secure a low temperature of the 





flue gases. The high steam temperatures used to-day 
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finally made it necessary to arrange only a small area of 


boiler heating surface in front of the superheater. In 
conséquence, as will be seen, difficulties were encountered 
due to poor water circulation in some of the boiler tubes. 
In the course of this development there arose what is 
widely known as the “ radiant type” boiler, built with 
countless variations in horizontal and_ vertical-tube 
form (Figs. 1-5). The greatest range of patterns is to be 
found in Germany, where boilers are built by numerous 
firms of approximately equal size and standing. Another 
cause of this diversity of forms, which often contained 
unnecessary features, was the desire to incorporate the 
latest outcome of research (sometimes before its real 
value was sufficiently proved) and occasionally also the 
effort to introduce some novelty at all costs. But during 
recent years, and probably for the reasons obtaining in 
Germany, the number of patterns is likewise increasing in 
Great Britain, and still more so in the United States. 
On the other hand, the call for a small number of standard 
types became increasingly strong, in spite of any opposite 
impression which may have been given by the plethora 
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of “new designs” dealt with in technical literature. 
As soon as the present revolutionary development of 
boiler design begins to settle into a steady development, 
there will be an increasing tendency towards uniformity 
and standardisation, to the profit of boiler builders and 
users alike. Typical modern high-pressure boilers are 
characterised by extensive lining of the furnace with 
cooling surfaces connected to the water circulation of 
the boiler (Figs. 1-8); by complete or almost complete 
absence of boiler heating surface behind the superheater 
(Figs. 1, 3, 4, 5, 6, and 7); by steaming economisers, 
and by air preheaters, in which the combustion air is 
heated up to 400 deg. Fah. for grate firing, or up to 750 deg. 
Fah. for pulverised fuel. Such steam generators, in 
horizontal tube form, are invariably built with an upper 
cross drum (Figs. 4-7). The most “ international ” 
form of steam generator with natural circulation is the 
well-known cross-drum sectional tubular boiler with its 
unrivalled adaptability to local feonditions or technical 
requirements (Figs. 4, 6, and 7).!,The United States and 
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Fic. 13——Diagram of Forced-circulation Boiler. 


Great Britain are making ample use of Bailey blocks 
(Figs. 4, 6, and 7); Germany is exclusively applying 
bare tubes for the cooling of furnace walls (Figs. 1, 2, and 
3). On the other hand, the “fire bridges” generally 
installed at the rear end of chain grate stokers in Germany 
are almost unknown in other countries. As very good 
results have been achieved with Bailey blocks as well as 
with fire bridges, their adoption in one country and 
rejection in another must be due more to national 
peculiarities than to technical considerations. German 
practice with vertical-tube boilers at pressures above 
400-600 Ib. per square inch rarely employs more than 
one lower and one upper drum (Figs. 2 and 3), and occa- 
sionally uses a single upper drum only (Fig. 5), with 
which good results have been secured. The higher the 
boiler pressure, the greater the importance of unheated 
downcomers, since natural circulation of water is 
jeopardised by the “ self-evaporation ’{ and the slightness 
in the difference between the specific weights of water 
and steam. 

2% Self-evaporation ” takes place when water at saturation 
temperature rises in a tube (even unheated) in consequence of 
the sensible heat diminishing with falling pressure. 








Ss.“ 





Fic. 14——Diagram of Once-through Boiler. 





With so many new departures from current practice, 
difficulties were quite unavoidable and could only be 
overcome by degrees. For instance, tube defects occurred 
again and again. Partly with truth and partly mistakenly, 
they were attributed to defective circulation of water, 
and brought about an increasing desire to be free from 
the risks attendant on natural circulation. With the 
superheater installed between the two nests of tubes of 
the interdeck boiler, as shown in Fig. 6, the top rows 
of the upper nest, lying in gases at temperatures of 
900-1300 deg. Fah., frequently became corroded internally 
because they carried no flow at certain loads. Thus the 
bubbles of steam clung to the top of the tubes which 
became so hot as to enter into reaction with the steam, 
thereby undergoing rapid destruction. In the case of 
sectional boilers, therefore, it is preferable to use an 
arrangement such as that shown in Fig. 4, whereby the 
whole of the boiler heating surface lies in front of the 
superheater. Similar troubles occur in vertical-tube 
boilers. Hence, at pressures in excess of about 400 lb. 
per square inch, unheated downcomers are of paramount 
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importance, in order to assure a constant flow of water 
through the tubes (Figs. 1, 2, 3, and 5). But if the boiler 
heating surface is relatively large, as in the case of marine 
boilers without economisers, stable conditions of water 
circulation are best achieved by installation of the super- 
heater between the downcomers and the risers (Figs. 
10-12). This gives the maximum difference between 
the heating of the two nests and between the specific 
weights of their contents, accordingly resulting in the best 
water circulation. 

Many boilers foam when fed with chemically prepared 
water and often foul the turbine very rapidly, especially 
when the water surface in the upper drum is small and 
the steam space above it is low. The most strongly 
heated tubes should therefore discharge above the water 
level—Fig. 1—thus preventing the emerging mixture of 
water and steam from stirring up the water content 
and encouraging the formation of foam. Where possible, 
too, the cooling surfaces should be connected not merely 
with the ends of the upper drum (Fig. 2), but through 
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Fic. 15—-Diagram of Léffler Boiler. 


uniformly distributed tubes over its whole length (Fig. 1). 
A further step in the same direction is the installation 
of a separating drum, as in Figs. 2 and 3, which is more 
effective in proportion as it keeps the circulating water 
away from the upper drum, thereby reducing the latter 
to a steadying chamber. Such separating drums, which 
have additional advantages from the designer’s point 
of view, are an important step forward. If a considerable 
proportion of the feed water is treated chemically, the 
internal diameter of the upper drum should not be less 
than 5ft., even for high pressures. Vertical-tube boilers 
are operating satisfactorily (as far as the boiler itself is 
concerned) in Germany up to pressures of 1700 lb. per 
square inch, fed with chemically treated water only, 
containing 170 milligrammes of salt per litre. The 
salt concentration of the boiler content in such cases 
is 0-1-0-2 deg. Baumé, and its sodium figure 150-200. 
But if there are even traces of water in the steam, crusts 
form readily in the turbines. If the water contains much 
silica these deposits consist almost entirely of that sub- 
stance and are very hard. Turbines choke particularly 
quickly if the steam is wet. Many engineers believe that 





the turbine even when the boiler is producing perfectly 
dry steam. 

In any case, even a small amount of salt in the boiler 
water, together with a slight degree of moisture in the 
steam, is quite sufficient to explain the formation in the 
turbine of some pounds of deposits which, notwithstanding 
their small weight, may be fatal to its good running. 
At a steam consumption of 100 tons per hour, about 150 Ib. 
of salt pass into the turbine monthly ; this figure assumes 
the unusually small salt content in the steam of 1 milli- 
gramme per litre. 

Where the chemically prepared make-up water only 
amounts to a small proportion of the feed and the boilers 
are of good design, these phenomena generally have no 
effect, but if a large proportion of the steam is lost in 
manufacturing processes they can become very unpleasant. 
The foregoing method of preventing the transmission 
of salt with the steam may be supplemented by washing 
the saturated steam, before it leaves the boiler, with the 
feed water, this being less concentrated than the boiler 
content; by steam transformers (heat exchangers), 
in which the chemically prepared water is evaporated by 
exhaust steam from the turbine, or by special boilers, 
such as the Schmidt-Hartmann, which combine boiler 
and steam transformer, and concerning which favourable 
reports have been heard. Léffler boilers do not appear 
completely to have fulfilled expectations regarding the 
generation of salt-free steam. This may be ascribed to 
the fact that the amount of steam circulated by pumping 
is three to four times as great as the output of the boiler, 
and that all this steam has to pass through the boiler water. 

In cases of doubt the plant should be designed to 
permit easy subsequent installation of steam transformers, 
which have been greatly improved in recent times. 
Whether the choking of turbines operating at high steam 
pressures and on steam produced from certain chemically 
prepared feed waters can be avoided at all is at present 
uncertain. Therefore, when the feed water is being con- 
sidered, boiler and turbine must always be regarded as 
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“Tye Encinter” 
Fic. 16—Power Required by Feed and Circulating Pumps. 
a single unit. Perfect operation on the part of the boiler 


| can generally be attained without difficulty, even at high 
| pressures, but this is not true of the turbine. 





Ill. Progress oF FoRcED-FLOW BOoILERs. 

(1) General.—Disregarding high-pressure boilers which 
are badly managed, or fed with unsuitable water, or 
incorrectly designed, the number of tubes suffering damage 
attributable to poor circulation—although the effects 
may have been unpleasant in certain cases—is not greater 
than might be expected, in view of the novelty of extra 
high-pressure service. The investigations of the author, 
and of Seidel, Cleve, and Schmidt, amongst others, which 
appear to be but little known in Great Britain, have done 
much to explain the mechanics of the natural circulation 
of water. It would therefore be unfair to state that 
natural circulation is inadequate for modern high pressures 
and modern rates of evaporation. Nevertheless, such 
faults as have occurred have supplemented certain 
anticipated advantages in favouring the introduction of 
forced-flow boilers. The smaller risk of explosion attri- 
buted to the drumless boilers, and the especially satis- 
factory evaporation formerly expected of once-through 
boilers at pressures above the critical, have never had any 
real value, except that they encouraged further experi- 
ments with these types of steam generator. 

Forced-circulation boilers, in which steam or water 
continuously pass through the heating surface (e.g., 
Léffler, La Mont, and Velox boilers), must be differentiated 
from once-through boilers, in which exactly as much 
water is forced through the heating surface as is converted 
into steam (e.g., Benson and Sulzer boilers)—Figs. 13-15. 
All forced-flow boilers offer the following advantages over 
boilers with natural circulation :— 

(a) Simple lining of the furnace with water-cooled 
walls. 

(6) Boiler insensitive to abrupt changes of tempera- 
ture and pressure. 

(c) Water circulation insensitive to emergencies. 

(d) Suitability for high pressures and temperatures. 

(e) Easy adaptation in shape to suit local conditions. 


Apart from these points in common, such boilers possess 
widely varying characteristics. 

(2) Behaviour when Fed with Impure Feed Water.— 
Forced-circulation boilers can be blown down like ordinary 
water-tube boilers. In the case of once-through boilers, 
either water must be continuously tapped at a suitable 
point, or a part of the heating surface must be scavenged 
from time to time. In forced-circulation boilers impurities 
in the feed water can separate out in the boiler drum, 
but in once-through boilers any impurities that are not 





a part of the salt content volatilises and therefore fouls 


deposited in the heating surfaces of the boiler or super- 
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heater pass on into the turbine. Once-through boilers 
therefore require very pure feed water. Since forced- 
circulation boilers allow of a constant water velocity 
of 5-7ft. per second at every pressure and output, they 
are no more sensitive than ordinary designs operating on 
various chemically prepared feed waters, but they should 
be used with caution on certain varieties of water which 
form hard insoluble scale, as it is not possible to bore 
out the narrow tubes. Forced-circulation boilers are as 
liable to allow salt to pass over into the turbine as natural- 
cjreulation boilers, and once-through boilers are more so. 
(3) Power Required by the Feed and Circulating Pumps.— 
The relative power input of the feed (and circulating) 
pumps is greatest in the case of the forced-circulation 
boiler and least in the case of that with natural circulation, 
the maximum difference with condensing operation 
amounting to only about 1 per cent. of the power produced, 
and to 2 per cent. in the case of the Léffler boiler. Back- 
pressure service, however, may lend this point consider- 
able importance (Fig. 16). In addition to a feed pump, 
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17— Water Equivalent of Boiler for Various Tube Diameters 
Boiler pressure, 1400 1b. per square inch ; boiler heating 
surface, 5380 souare feet. 


Fic. 


the foreced-circulation boiler requires a separate circulating 
pump which, even though it is perfectly reliable, means 
an undesirable complication. L6ffler boilers are only 
suitable for pressures above 11001b. per square inch, 
because of the great power required to circulate steam at 
lower pressures. 

(4) Behaviour under Changes of Load.—Liability to 
disturbance under sudden removal of load depends on 
the amount of steam in the boiler and superheater and 
on the water equivalent of the boiler, including the water 
present in it before removal of the load. A greater volume 
of steam results in a longer period before the steam pent 
up by the fall of load reaches a pressure sufficient to lift 
the safety valve. The greater the water equivalent of 
the boiler, including its water content, the longer the 
time until both rise to the temperature corresponding to 
the blow-off pressure. Assuming the same heating surface 
throughout and tubes of 1}~-1}in. in diameter, as common 
in marine boilers, the water equivalent of the boiler, 
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Fic. 18—Volume of Steam in Various Types of Boilers. 


including its normal content of water, amounts in the 
once-through boiler to approximately 30 per cent. of 
that of the natural-circulation type, and in the forced- 
circulation type to approximately 75 per cent. (Fig. 17). 
The volume of steam contained in the evaporator and 
superheater tubes of the once-through boiler amounts 
at most to 70 per cent. of that of forced or natural- 
circulation boilers, the latter types not varying greatly 
between themselves (Fig. 18). A measure for the sensitivity 
of a boiler to a sudden drop in loading is the time interval 
before the safety valves begin to blow off, assuming that 
neither the fuel nor the feed supplies are altered. As 
shown in Fig. 21, the sensitivities of all types of boiler 
depend on the immediately preceding output of the heat- 
ing surface, the most sensitive being the once-through 
type. For example, with a preceding heating surface 
evaporation of 18-5 1b. per square foot per hour, the 
process of regulation must be completed at latest within 
3-5 sec. for once-through boilers, within 7-5 sec. for forced 
circulation, within 10-5 sec. for water-tube boilers employ- 
ing natural circulation, and within 22 sec. for stationary 
boilers having the usual tube diameters and drum 
capacities; all these values are based on a maximum 
pressure rise of 5 per cent. of the normal pressure. 
Actually, however, the times are shorter. Under a 


sudden fall of load, therefore, boilers blow off specially 
rapidly if their furnaces and heating surfaces are heavily 


loaded. Hence, narrower tubes in boilers with forced 
or natural circulation involve larger drums, assuming 
that the sensitivity against sudden fall of load is to remain 
the same and that other conditions are equal. These 
factors explain why a boiler system which gives good 
results in one application may fail in another. Heavily 
loaded once-through boilers of high specific output 
demand more of their devices for regulation, but are 
lighter than natural or forced-circulation boilers in a 
ratio depending on the “ buffer ’’ capacities of the latter 
types. In the example taken in Fig. 21, the weights per 
ton of maximum steam output per hour of forced-circula- 





plant is needed to meet the power requirements of the 
circulating pumps, and that the useful output of the whole 
plant must be increased to this extent. Once-through 
boilers are subject to similar conditions. With regard to 
first costs, the chances of forced-flow boilers are not as 
favourable as might at first be expected unless indirect 
advantages accrue. It might happen, for example, 
that the lower height of these boilers allowed of their 
installation without raising the roof of an existing building, 
or, in the case of outputs up to approximately 6 tons per 
hour, the boilers might be almost completely assembled 
in the factory, thus saving expense in erection. The 


A Blower. 

B Evaporative heating surface. 
C Superheater. 

D Economizer. 

E Oil burner. 

F Boiler drum. 

Boiler output, 85 tons per hour. 
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Fic. 19—Forced-flow Boiler (Vertical Arrangement). 


tion and natural-circulation boilers, including their normal 
contents of water, exceed that of the once-through boiler 
by 0-25 ton and 0-4 ton respectively. 

Another fact concerning once-through boilers is that 
artificial flow must be provided during the commence- 
ment of firing and a certain minimum quantity of steam 
must be produced at all times, whereas the forced-circula- 
tion type can be heated and operated like an ordinary 
boiler. 

(5) Cost of Forced-flow Boilers.—Reduction of the costs 
of water-tube boilers with natural circulation by reducing 
the number and diameter of drums, &c., is limited by 
certain peculiarities of natural circulation. But forced 
flow, whereby the water is forced round the heating surfaces 
by a pump, gives greater freedom regarding the diameter, 
length, and arrangement of the tubes, and in the lay-out 
of the whole boiler. The design can be adjusted to suit 
local conditions, resulting in an indirect economy, by 
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Fic. 21— Sensitivities to Unloading of Various Types of Boilers. 


making the boiler either high or flat, according to the 
available ground area or height of building (Figs. 19 and 
20). Since in forced-flow boilers the amount of material 
forming non-productive heating surfaces, such as down- 
comers, is small, and since very narrow tubes are per- 
missible, even in stationary plant, these steam generators 
are lighter than the natural-circulation type, for the 
weight of the heating surfaces is approximately propor- 
tional to the diameter of the tubes. Using the La Mont 
boiler in a stationary plant operating at 1000 1b. per 
square inch pressure and 50 tons per hour output, for 
example, the weight of the heating surfaces complete with 
drums, steam collectors, downcomers, and risers, is only 
approximately 33 per cent. of that of a normal two-drum, 
vertical-tube boiler. The price being roughly proportional 
to the weight, it should be possible with the same turnover 
to build boilers for 1000 lb. per square inch pressure and 
50 tons per hour capacity complete, ready for operation, 
and including economiser, air preheater, and costs of 
firing and installation, about 10-15 per cent. cheaper 
than normal two-drum, vertical-tube boilers with water- 
cooled furnaces, whilst yielding the same profit. But 
if the whole plant, including steam circulation pumps and 
motors, is to cost no more than the equipment with 
ordinary water-tube boilers, the forced-circulation boiler 
complete and ready for use must be at least 3 to 5 per 
cent. cheaper than the natural-circulation type, and the 
boiler itself at least 6 to 12 per cent. cheaper. This is 





accounted for by the fact that a larger house service 








Fic. 20-—Forced-flow Boiler (Horizontal Arrangement). 


practical elimination of erection and the simplification 
of shipment are of particular value in boilers for export. 
(6) The Prospects of Various Types of Boiler in Stationary 
Plant.—The Léffler boiler is only suitable for operation 
at pressures exceeding 1100 1b. per square inch, whilst 
once-through boilers require very clean feed water and 
cannot be operated merely by reference to the pressure 
gauge and water level gauge, but require semi or com- 
pletely automatic regulating gear; furthermore, they 
are incapable of maintaining a constant frequency in 
generating stations without the support of other boilers 
with normal water capacity. In many instances, there- 
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FiG. 22—Forced-circulation Boiler, Showing La Mont Elements. 


fore, both systems are impracticable. Until once-through 
boilers can be produced at considerably lower cost than 
other water-tube boilers, there will be no very great 
readiness to accept both the limitations imposed by their 
peculiarities and the risks consequent upon their novelty. 
But in industrial power stations where much of the steam 
is lost in the processes and where the feed water is so bad 
that steam transformers would be necessary even for 
natural or forced-circulation boilers, moderately priced 
once-through boilers have good prospects, because even 
heavy variations in load can be “ buffered ”’ by relatively 
cheap heat accumulators inserted in the low-pressure 
system. More versatile, however, are forced-circulation 
boilers, which to-day are the most widely used forced-flow 
type. They are particularly suited for low outputs, 
confined space, export, the cooling of furnaces, or for 
increasing the output of existing water-tube or Scotch 
boilers (Fig. 22). In general, therefore, forced-flow 
boilers are primarily to be considered for special purposes, 
where they often open up favourable prospects. Never- 
theless, the question of first costs dealt with in the last 
section renders it rather unlikely that they will displace 
the natural-circulation boiler to any great extent within 
the near future, since the latter type adequately fulfils 
the exacting requirements of to-day and has been brought 
by decades of experience to a high degree of perfection. 


(To be continued.) 








LAUNCHES AND TRIAL TRIPS. 


GoLpFINcH, motorship; built by Caledon Shipbuilding 
and Engineering Company, Ltd., to the order of Genera ISteam 
Navigation Company, Ltd.; dimensions, length 170ft., breadth 
31ft., depth 1lft., to carry 600 tons deadweight. Engines 
one six-cylinder, two-stroke, 420 B.H.P., oil ; launch, November 
16th, 

ERNEBANK, motorship ; built by Harland and Wolff, Ltd., 
to the order of Andrew Weir and Co., Ltd.; dimensions, length 
448ft. 6in., breadth 57ft., depth 38ft. 7in.; gross tonnage, 
5260. Engines, one six-cylinder, four-stroke, airless-injection, 
oil ; launch, November 17th. 
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Markets, 


The prices quoted herein relate to bulk quantities. Unless otherwise specified home trade quotations are delivered f.o.t. 


A comprehensive list of the prices of materials mentioned below will 


f.o.b. steamer. 


Pig Iron. 

A review of the pig iron position discloses no relief 
from the stringency in supplies which has ruled for so long. 
The situation on the North-East Coast is particularly 
acute ; home consumers are being rationed and exports 
have practically come to a standstill. Deliveries on home 
account are so much in arrears that ironmasters in most 
eases definitely refuse to release iron for overseas. It is 
reported that two more blast-furnaces in the Middles- 
brough area will be blown in before the end of the year. 
One which has been reconditioned will be brought into 
operation at Dorman, Long and Co.’s Cleveland works 
this week, whilst another new blast-furnace will be started 
up at Skinningrove shortly. This additional production 
must bring some relief, but it has to be remembered that 
the local steel works have the prior claim on the output of 
the blast-furnaces, and their needs continue steadily to 
increase. Under these conditions free trading in pig iron 
is out of the question. There has been no decline in the 
demand for East Coast hematite, and inquiry has become 
even more urgent. It is understood that in some districts 
consumers have paid premiums in order to obtain quick 
delivery. There has been some talk of an advance in 
prices and a rise of 10s. per ton has been suggested. 
Pending a decision makers have declined all new business. 
In the Midlands the shortage of Northamptonshire grades 
has made the position increasingly difficult, especially 
for the light castings trade. Stocks are negligible and 
makers generally are unwilling to consider new business 
except at a premium over the controlled rate. A certain 
amount of Derbyshire iron is available and a large pro- 
portion of the production is going direct to foundries and 
to the tube and rolling mills affiliated to the furnaces. 
Efforts to supplement home supplies by imports from 
abroad have met with scant success, owing to the growing 
Continental demand and the interference with ore supplies 
caused by the Spanish trouble. Shipments of ore from 
Bilbao have practically ceased, whilst cargoes from other 
ports are only available at much higher freight rates. 
Those responsible for deliveries, however, are doing their 
best to fulfil their contracts and arrivals in the Tees have 
been fairly well maintained. 


The Steel Position. 


Since the new record output of 1,060,500 tons of 
steel ingots and castings in October the demand for prac- 
tically all classes of steel has become more intensive, and 
further large contracts have been placed in connection 
with the rearmament programme. Heavy calls continue 
to be made on the producers of structural steel and bridge- 
building material, railway and shipbuilding steel. Specifi- 
cations for large tonnages have been placed by structural 
engineers and most of the works are fully sold until the 
end of the first quarter of next year. The Association 
prices for angles, joists, ship and tank plates, and boiler 
plates remain unaltered, but in view of the rising costs of 
production there is a possibility that the rates may be 
advanced in the near future. Small steel bars and strip 
have been in active request in all qualities, chiefly from 
the tube, motor car, and electrical industries. For colliery 
steel; the position remains unchanged, most of the steel 
works being unwilling to consider fresh contracts. The 
prospects in the shipbuilding industry are more encourag- 
ing than for a long time past, the position being much 
strengthened on the Clyde by the further contracts placed 
for new vessels since the beginning of the month. The 
Air Ministry has ordered a large amount of material and 
marine and general engineering concerns are making 
urgent calls for deliveries of steel. To satisfy the demand 
for basic billets remains a problem, as, in spite of the 
increased output by home producers, augmented by 
additional supplies from the Continent, the tonnage 
available remains below the current requirements of the 
market. The home demand for practically all gauges of 
black sheets has been exceptionally keen, and a large pro- 
portion of the business has been in sheets of special quality 
for the motor car trade. Following the advance of 5s. 
per ton on black and galvanised sheets, the export trade 
has been disappointing. The recent talks which have been 
in progress for the resuscitation of the Tube Cartel resulted 
in a meeting of the various interests concerned in London 
last week. After a full discussion of the whole position, 
it is understood that no definite decision was reached, 
and further negotiations have been postponed until early 
next year. Since the break-up of the Cartel business in the 
export markets has been extremely difficult, and the rates 
obtainable have been far from remunerative. The release 
at the end of last week of over 5000 tons of Continental 
plates against the quota for the fourth quarter of this year 
has brought some relief to this section of the industry. 


The Midlands and South Wales. 


The Midland iron and steel trades continue to 
work at full capacity and the activity at the mills producing 
structural material is unprecedented. Although joists and 
sections and other material required are being turned out 
as rapidly as possible, deliveries are badly in arrears, 
and the consideration of fresh business has consequently 
to be deferred in nearly all cases. The lack of supplies of 
billets has hampered re-rollers’ operations in the small bar 
and strip trades, where the volume of orders provides for 
full employment. It may be possible to undertake 
additional business later on as a result of deliveries of 
Continental billets being made available in the first 
quarter of next year. Electrical and motor car require- 
ments of sheets and strip loom large in Midland order 
books. The wrought iron industry is sharing in the 
increased prosperity to a certain extent, although Crown 
bars are an exception. Operations at the mills producing 
common bars are more active than at any time during the 
past two years and competition from outside sources has 
been completely eliminated. In South Wales the export 
demand for galvanised sheets continues disappointing, but 


developing rapidly on the export side, however, and home 
demand also is good. At last week’s meeting of the Tin- 
plate Pool Committee it was decided to leave the output 
quota at 65 per cent. of allotted capacity. There was some 
difference of opinion, it is understood, as to the advisability 
of raising the basis price. No action was taken in that 
direction and the quotation was left unchanged. The 
demand for sheet and tin-plate bars has kept some of the 
mills working at capacity, and in some instances delays 
in delivery have been reported 


Scotland and the North. 


Scottish makers are becoming increasingly 
anxious that determined efforts should be made to increase 
the production of pig iron. It is feared that unless the 
matter is taken in hand arrears of steel deliveries may be 
difficult to overtake. Already the question of forward 
orders is anything but easy to solve. Considerable assist- 
ance has been obtained from supplies of scrap from over- 
seas, but such aid obviously cannot be depended upon, 
and the lighting of additional blast-furnaces may become 
imperative if next year’s requirements are to be adequately 
covered. At present the output of the fifteen furnaces 
in blast in Scotland is being taxed to the utmost. It is 
possible, moreover, that matters may be further complicated 
through furnacemen requesting shorter working hours. 
The scarcity of material extends throughout all sections 
of the trade. Pressure for delivery is acutely felt in the 
lighter grades of sheets, and the demand is also insistent 
for the heavy shipbuilding makes. The outlook at the 
shipyards continues good, the large amount of work already 
in hand having been supplemented by the receipt of orders 
during the past week for three additional vessels. The 
scope of armament work is growing and several armament 
factories are to be constructed in Scotland. Makers of 
railway material are calling for increased quantities of 
steel and the boilermakers and tube makers have a 
substantial number of orders on their books. The bulk of 
the work is naturally on home account, but some overseas 
contracts are also in hand. A feature in the re-rolling 
section is the demand for ferro-concrete bars and rivet 
bars. The motor car trade is taking large tonnages of 
sheets and there is an important demand from the tank 
makers. In Lancashire iron and steel traders comment on 
the difficulty of securing supplies except for more or less 
deferred delivery. For example, the delay indicated where 
large-sized bars are required is stated to be two months or 
more, and conditions in the billet department are similar. 


North-East Coast and Yorkshire. 


All sections of the iron and steel trades on the 
North-East Coast are meeting increasingly insistent 
pressure for delivery. Manufacturers in most cases are 
so fully occupied in trying to execute the contracts 
already booked that they are unable to undertake fresh 
orders. The supplying of urgent home requirements is 
naturally occupying full attention, and allows the makers 
little scope to take advantage of the improved inter- 
national currency conditions which pave the way for the 
development of the export trade. The problem of covering 
deliveries of pig iron in the Middlesbrough district remains 
acute, and in the absence of stocks customers have to be 
satisfied with supplies on a rationing system. The position 
is such as to induce many buyers to accept lower grades 
of iron, which under ordinary circumstances they would 
not consider. The lack of prompt supplies is felt most in 
the case of Cleveland descriptions, and it is hardly possible 
to negotiate forward business. There is, however, a 
prospect of some relief in the hematite iron section of the 
market, as the make of East Coast is shortly to be supple- 
mented by the output of another furnace, which will 
make the number producing hematite in the Middles- 
brough district the largest for a long time past. Even so, 
the outlook for supplies of hematite iron remains dis- 
turbing, as the extra supply of about a thousand tons a 
week will still leave little surplus for export. Makers of 
Durham blast-furnace coke have extensive contracts in 
hand to cover, while there is a further demand for all 
suitable descriptions. The new tube factory project at 
Jarrow, which is now beginning to take shape, will be a 
welcome addition to that centre’s limited share in the 
trade prosperity. Sheffield reports general and intense 
activity, more particularly in regard to covering of 
defence requirements, work on which will provide employ- 
ment for a long time to come. An idea of the extent of 
Sheffield’s present output of steel ingots and casiings can 
be gathered from the fact that the estimated 1936 total 
up to mid-November is equal to the total for the whole 
of last year, which constituted a record. Steel makers 
have been busy on schemes to accelerate outpat still 
further in order to cope with arrears of work. Basic 
billet and acid billet producers are finding difficulty in 
covering the insistent demand. Makers of stainless steels 
are generally working at full capacity. 


Current Business. 


The London County Council has placed an order 
with Samuel Cutler and Sons, Ltd., London, S.W.1, for 
two riveted steel gasholders, and eight welded steel gas 
domes for the northern outfall works. Darlington Town 
Council has placed orders for a Lancashire boiler with 
the Stockton Chemical Engineers and Riley Boilers, 
Ltd., Stockton-on-Tees; a steel-framed building for 
carburetted water gas plant with J. Shewell and Co.’s 
Successors, Ltd., Darlington; and reinforced concrete 
foundations for new water gas plant installation with 
W. Sanders Hutton, Ltd., Darlington. Alexander Stephen 
and Sons, Ltd., Linthouse, have received an order from 
the Peninsular and Oriental Steam Navigation Company 
for a large passenger ship. The same firm has also received 
an order from the New Zealand Shipping Company for a 
cargo ship with Doxford engines. The Blythswood Ship- 





home business is fairly promising. The tin-plate trade is 





building Company, Ltd., Scotstoun, have received a 


Notes and News. 


Export quotations are 
be found on the next page. 


contract to build two 9000-ton cargo motor ships, each 
420ft. in length by 56ft. beam. The propelling machinery 
will be manufactured by Barclay, Curle and Co., Ltd., 

Whiteinch. The New Zealand Shipping Company, Ltd., 

has placed an order with Wm. Doxford and Sons, Ltd., 

for a cargo motor ship of about 6000 tons gross. The 
Caledon Shipbuilding and Engineering Company, Ltd., 

Dundee, has received an order for a cargo steamer of 
9250 tons deadweight for London owners. The Sheffield 
Corporation Transport Department has ordered twenty 
double-deck buses from Leyland Motors, Ltd., and three 
single-deck buses from the Associated Equipment Com- 
pany. The Central Electricity Board has directed the 
Sheffield Corporation to extend the Blackburn Meadows 
generating station by the installation of one 50,000-kW 
turbo-alternator, together with auxiliary plant ; ; one boiler 
unit and the necessary buildings and engineering work. 
Contracts for this work have been placed with the British 
Electric Transformer Company, C. A. Parsons and Co., 

and the Mitchell Engineering Company. The Great 
Western Railway has announced its annual programme of 
renewals. This will cost about £2,000,000 and includes 
the construction at the company’s Swindon works of .286 
locomotives. Of the 294 passenger coaches to be built, 
174 will be the new end vestibule type. Two new trains, 
designed specially for catering for large pleasure parties, 
are to constructed. The programme also includes 
150 horse-boxes, fifty eight-wheel trucks, six eight-wheel 
kitchen cars, and 3940 new wagons. The Department of 
Overseas Trade announces that the following contracts 
are open for tender :—Pretoria, Public Works Depart- 
ment: two electrically driven centrifugal sewage pumps, 
motors and switchgear, two 3in. C.I. flanged valves, two 
3in. C.I. reflux valves, two C.I. air bottles, and two 4in. 
C.I. foot valves (South Africa, December 4th). 


Copper and Tin. 


The copper market has made a good recovery 
from the recent setback which resulted from intermittent 
profit taking, and prices have again advanced almost to 
the highest point of the previous upward movement. 
The improvement was partly due to the publication of 
the statistics for October, which disclosed a further heavy 
decrease in world stocks of refined copper of about 23,000 
short tons. The total figure is now down to 357,000 short 
tons, which is considered normal. Consumption, both 
in America and Europe, continues to expand. Stocks 
of rough copper in this country are down to a very low 
level, whilst those of refined are steadily decreasing. 
In view of the rising consumption, the larger output of 
copper is welcomed, although it will be some time before 
the additional supplies reach the market. Consumers in 
Central Europe have shown considerable interest in 
deposits of copper in Yugo-slavia. Germany has been 
an important user of this copper, but arrangements have 
now been made to erect an electrolytic refinery in Yugo- 
slavia, whilst at the same time steps have been taken 
to make supplies of Yugo-slav copper available for possible 
war requirements. ... The chief feature in the tin market 
has been the more active offering of metal for early 
delivery. With a lessened demand for the near position, 
the backwardation became narrower and at one time 
amounted to only 5s. The request from consumers in 
this country has been moderate and Continental buyers 
have shown but limited interest. In the United States, 
also, the buying has not been so intensive, as consumers 
there appear to be of the opinion that present prices are 
too high. Although buying on the market has been more 
restricted, there has been no lull in actual consumption. 
and the prospects in America continue to be encouraging. 
A certain amount of nervousness has been noticeable, 
as the outlook is difficult to gauge, and this has been 
largely responsible for the violent price movements 
occasionally experienced. The moderate improvement 
in the stocks in this country is no doubt partly responsible 
for the reduced backwardation, and in some quarters this 
is welcomed as indicating a return to normal conditions. 


Lead and Spelter. 


The intensive buying of foreign lead has resulted 
in a sustained- advance in prices, which have touched 
the highest. point seen since 1929. The demand in this 
country continues excellent, and large tonnages are being 
absorbed by pipe and sheet makers, whilst the large calls 
from the electrical industry, together with the huge 
contracts placed in connection with the defence pro- 
gramme, have made heavy inroads into the stocks. The 
prolonged improvement in trade in the United States and 
steady buying by the Continental countries have led to a 
gradual strengthening of values in all markets. The 
spot quotation for lead in New York has shown a rise 
of 40 points during the past three weeks. Stocks in the 
United States are steadily diminishing, whilst supplies 
in Europe are very low, partly as a result of the curtail- 
ment of supplies from Spain. The advanced level of 
values may be followed by the reopening of some mines 
that have been closed for a long period, but it will be some 
time before these additional supplies become available. . . . 
Conditions on the spelter market have been more active 
than for a long time past, and a large business has been 
transacted in all positions. The advance has been due 
principally to the growing consumption of the metal. 
but some strength has also been derived from the appeal 
to the Government for increased protection for the 
industry, in view of the failure of the negotiations for 
the renewal of the International Zinc Cartel. In addition 
to an increased duty against foreign imports it is felt 
that more satisfactory arrangements are necessary 
between the British and Dominion Governments for 
the regulation of imports of zinc from the Empire overseas 
into Great Britain. Meanwhile, the market here has 
been better supported and a more cheerful feeling has 
prevailed. The Continent has offered fairly liberally, 








but all supplies from this quarter have been well taken up. 
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Makers’ official home trade prices per ton, delivered buyers’ stations. 
sections, 


Current Prices for Metals and Fuels. 


British Steelmakers: joists, 22s. 6d.; plates and 
PIG IRON. 
Home. Export. 
(D/d Teesside Area) 
N.E. Coast Ss a. 2a a 
Hematite Mixed Nos.*.. 4 5 0... 3.14 6 
No. 1 45 6.. 315 0 
Cleveland (Dd Teesside Area) 
No. l ee SUF BS ws 
No. 3 G.M.B... 315 0... 
Ne No. 4 Forge - a led | 


Basic (Less 5/— rebate) .. 
MIDLANDS 
Staffs. 

North Staffs. Foundry 
Forge 
'— rebate) .. 


Basic (Less 5 
Northampton- 
Foundry No. 3 
Forge 
Derbyshire 
No. 3 Foundry 
Forge 
ScoTLanD— 
Hematite, f.o.t. furnaces* 
No. 1 Foundry, ditto 
No. 3 Foundry, ditto 
Basic, d /d (Less 5/— rebate 
N.W. Coast— 
Hematite Mixed Nos.*.. 


* Less 


i: a a 


4 0 

315 0 
315 0 
3 17 6 
312 6 
4 0 0 
3.15 0 


4 5 6 
ee Ae 
3.19 0 
} 315 O 
{ 45 6 
4i1 0 
& 12.0 
5 — rebate. 


MANUFACTURED 


LANCS. AND YORKS.— 
Crown Bars 
Best Bars 
MipLanps— 
Crown Bars as 
Marked Bars (Staffs. ) 
No. 3 quality 
No. 4 quality 
ScoTLanD— 
Crown Bars 
Best. . 
N.E. Coast 
Common Bars 
Best Bars a 
Double Best Bars 


(Delivered to Black Country Station) 
we. 


dd Glasgow 


Sheffield 


» Birmingham 


TRON. 


Home. 
Sa. a. 
10 10 

li 0 0 
1010 0. 
13 0 0 

9 7 6 
917 6 
10 10 O 
am Oo 0 
10 10 0 
mw Or® .. 
Hid O:.. 


NORTHERN IRELAND AND FREE STATE 


Crown Bars f.o.q. .. 


10 17 6 


STEEL. 


LONDON AND THE SoutTH 


Angles 

Tees. . 

Joists 

Channels. . ‘ 

Rounds, 3in. and up 
” under 3in. 

Flats 

Plates, jin. (basis) 
- fs in. 
” fin. 


és frin. - 
Un. # to fin. incl. 
Boiler Plates, }in. 


NortTH-East Coast 


Angles 

Tees. . 

Joists 

Channels. . . 

Rounds, 3in. and up 
o” under 3in. 

Plates, #in. (basis) 
” fein. 


fin. .. 
ar ae ee 
Un. # to jin. inel. 
Boiler Plates, }in.. . 


MIDLANDS, AND LEEDS AND 


Angles 
Tees. . 
Joists 
Channels. . 
Rounds, 3in. and up 

= under 3in. 
Flats, 5in. and under 
Plates, #in. (basis) 

re fein. 

- tin. 

a fein. . 
Un. # to Fin. 


incl. 


Boiler Plates, jin. 





Home. 
os: @ 

9 2 6 
10 2 6 
910 0 
9.4. <°% 
wo 3: 6 
sid «— 

9 9 6 
912 6 
917 6 
10 2 6 
10 i 6 
10 0 0O 
10 2 6 
£a.d 

9 0 0 
10 0 0 

9 7 6 

9 5 0 
10 0 0 
$7 8 
hee inte 

9 12 

7A7 6 ... 
1. 28 wn 
915 0.. 
SAF «@:.. 


DistTRICT 


& #. d. 
9 0 0 
10 0 0 
9 7 6 
9 5 0 
10 0 0 
ys @ 
i ee 
910 O 
915 0 
io: Ore... 
10 5 0. 
915 0. 
-m. C'S". 


Export. 
© 6,8. 
10 0 O 
10 12 6 
10 0 0 
1210 O 
10 0 0 
10°12 6 
10 0 0 
10 12 6 
11 10 0 


Export. 


fs. a 
*8 0 0 
*9 0 0 
*. 6 0 
*8 5 0 
*9 0 O 
SB g 
oe 2"¢ 
8 5 0 
78:10 O 
815 0 
» 2. @ 
910 0 
8.47. ¢6 
$ = @ 
*8 0 0 
*9 0 O 
78 0 0 
~%. &..¢@ 
*9 0 0 
S £20 
8 5 O 
78 10 O 
8 15 0 
9 0 0 
910 0 
817 6 
com oh 
3 0. 0 
*9 0 0 
°e 0 @ 
~~ F'@ 
*o 6° 0 
$ 2 6 
8 2 6 
78 5 O 
+8 10 O 
48 15 O 
9:10 O 
9 0 0 
817 6 








15s. *For Markets other than 


India, 


f South Africa 5s. and Foreign Markets 2s. 6d. higher. 


STEEL (continued). 


Home. 
GLASGOW AND DIstTRICT S Bd, 
Angles oa ot Pe ae S...0. 9: «. 
Tees. . lo 0 0 
Joists sis ee = a% 9 7 6 
Channels me" ; 9 5 0 
Rounds, 3in. and up 1 0 0 
os under 3in. oot al 
Flats, 5in.and under .. 9 7 O 
Plates, jin. (basis) Oo FS 
ee.) os, --5.0° Seeeas oe 
>» a. 5 otis we 
eye 10 2.6 
Un. 4 to pin. inci. ea RB» O 
Boiler Plates, din... 917 6 
SoutH WaLes AREA— a ee 
ar ere Oe ae 
Tees... 10 0 O 
Joists Se» =p eee 
Channels. . ; 9 5 0 
Rounds, 3in. and up 10 0 0 
e under 3in. igenge @ 
Flats, 5in. and under .. 9 7 O.. 
Plates, jin. (basis)... .. 910 0 
+00 Pa Pasparihyds- (cst <oe  Oae d 
%» din. 10 0 0 
é fein. ae RO BOL 
Un. ¥ to fin. inel. 10.6. 


IRELAND—F.O.Q. BELFAST. 


£m.iGe 
Angles .. . pine. tp. Mini 
Tees. . 10 5 O 
Joists bi Ma LA et page 
Channels... .. . - HD 
Rounds, 3in. and up 10 5 0 
- under 3in. a Le ee 
Plates, jin. (basis) o> £6 
Pierce oS BN 6 
fin. 10 2 6 
’ Sine es! « 1 76: 
Un. # to fin. inel. 10 2 6. 


OTHER STEEL MATERIALS. 


Home. 

Sheets. Ss mG. 
14-G. to 20-G., did A386. 0) x 

21-G. to 24-G.,dd 12 0 0 
25-G. to 27-G., dd £3023: .: 


South Africa, 24-G. Basis £10 fs. 
The above home trade sheet prices are for 4-tor 
2-ton to 4-ton lots, 10s. per ton extra; and ur 
30s. per ton extra. 


Galvanised Corrugated Sheets, Basis 24-G. 


Home. Ss. d. 
4-ton lots and up .. 14 0 O 
2-ton to 4-ton lots 14 7 6 
Under 2 tons 16 0 0 


Export: India, £12 15s. to £13 2s. 6d. c.i.f. 
£12 10s. f.o.b., plus 3 p.c. invoice value ; 
Rhodesia, £12 17s. 6d. f.o.b.; 


£14 Os. f.0.q.; General, £12 15s. f.o.b. 


Iris 


Tin-plates. 
20 by 14 basis, f.o.b. Bristol Channel Ports, 
Tin-plate Bars, dd Welsh Works, £6 0s. Od. 

Billets. 

Basic (0 -33% to 0-41% C.) eee 

Medium (0-42% to 0-60% C.).. 

Hard (0-61% to 0-85% C.) 

(086% to 0-99% C.) 

* » (1% C. and up) 
Soft (up to 0-25% C.), 500 tons and up 
Rails, Heavy, 500-ton lots, f.o.t. 

ap gia ee tess 8k 


FERRO ALLOYS. 
3/14 per Ib. 
3/— per lb. 


Tungsten Metal Powder... .. .. 
Ferro Tungsten 


Export. 


. * a 
*8 0 0 
*)9 O O 
*8 0 0 
*8 5 O 
ad ee | 
8. 2 6 
&..3:.6 
78 5& O 
8 10 =O 
18 15 O 
19 O O 
910 O 
8 17 6 
as. 4 
*8 0 O 
*9 0 0 
*8,..0...0 
*8 5 O 
9 0 0 
8 2 6 
8 2 6 
7 6.0 
78 10 O 
8 15 O 
Yo O O 
910 0 


Rest oF IRELAND. 


£ Ss. d. 
9.764 
10 7 6 
915 0 
912 6 
10 7 6 
8 5 0 
79:15 O 
10 0 0 
+10 5 O 
710 10 +O 
10 5 0 
Export. 
ca. a 
10 10 0 
10 5 0 
Ll lO 0 


1 lots and over; 


ider 2-ton lots, 


; South Africa, 
Australia and 
h Free State, 


18s. Yd. 


Sarak 
Sls foal 
715 0 
8 5 O 
815 0 
9 5 0 
6 2 6 
8 10 0 
710 0 


Per Ton. Per Unit. 
Ferro Chrome, 4 p.c. to 6p.c.carbon £21 10 0 7 
” vs 6 p.c. to 8 p.c. £21 0 0 7 
8 p.c. to 10 p.c. £21 0 0 7 
Specially Refined .. 
Max. 2 p.c. earbon £33 10 0 il 
»  lp.c. carbon £36 5 0O 11/- 
> dy + 0-50 p.e. carbon £37 5 0 12/- 
95 5 » ¢carbon-free .. 9} per Ib. 
Metallic Chromium Ap 2/5 per lb. 
Ferro Manganese (loose), 76 p.c. £11 15 O home 
Silicon, 45 p.c. to 50 p.c. £11 15 Oto£l2 5 0 


75 p.c. £16 17 
12/8 per lb. 
4/6 per lb. 
9d. per Ib. 


» Vanadium 
» Molybdenum. . ie 
» Titanium (carbon free) 
Nickel ( per ton) 
Cobalt 


scale 5/— p.u. 


6to £17 7 6 


scale 6/— p.u. 


£200 to £205 
7/-to 7/1 per |b. 





per ton must 


be added. 


NON-FERROUS METALS. 


(Official Prices, November 25th) 


Sections, joists and plates are subject to a rebate to home users purchasing only from associated 
Australia and New Zealand, 5s. 


COPPER 
Cash .. £43 16 Sto 243 18 
Three months .. £44 5 Oto £44 6 
Electrolytic £48 10 Oto £49 0 
Best Selected Ingots, d/d Bir- 
mingham £49 0 O 
Sheets, Hot Rolled £77 0 O 
Home. Export. 
Tubes, Solid Drawn (basis) . . 113d. tld. 
Brazed (basis) 11d. 11}d. 
Brass 


Ingots, 70/30, d/d Birmingham £34 0 


Home. 


Oto £36 


0 


Export. 


0 


Tubes, Solid Drawn, 2/1 Alloy 103d. 104d. 
»  Brazed.. 124d. 124d. 

Tin 
Cash .. £233 5 Oto £233 10 
Three Months . £233 0 Oto £233 5 

Leap : Cash avd forward £23 3 9 

SPELTER :.. £16 17 6to £17 O 

Aluminium Ingots (British) . £100 to £105 

FUELS. 
SCOTLAND. 

LANARKSHIRE Export. 
(f.0.b. Grangemouth)—Navigation Unsereened 15/— to 15/6 
Hamilton Ell 16/6 
Splints 19/6 

AYRSHIRE 


(f.0.b. Ports)—Steam 


FIFeESHIRE 
(f.0.b. Methil or Burntisland) 
Prime Steam .. A 
Unscreened Navigation 
LOTHIANS 
(f.0.b. Leith)}—Hartley Prime 
Secondary Steam .. 


ENGLAND. 
YORKSHIRE, MANCHESTER 
B.S.Y. Hard Steams 
Furnace Coke 
NORTHUMBERLAND, NEWCASTLE 
Blyth Best 
»  Second.. 
» Best Small.. 
Unsereened 
DuRHAM— 
Best Gas. . 


Foundry Coke 

SHEFFIELD— Inland. 
Best Hand-picked Branch 27/6 to 29/6 
South Yorkshire Best 24/— to 30 
Seconds .. 21/— to 22 


CaRDIFF— SOUTH WALES. 

Steam Coals : 
Best Admiralty Large . . 
Best Seconds 
Best Dry Large 
Ordinaries 
Bunker Smalls 
Cargo Smalls . . 
Dry Nuts 
Foundry Coke 
Furnace Coke 
Patent Fuel 

SwaNsEA— 

Anthracite Coals : 
Best Large .. .. ..- 
Machine-made Cobbles. . 
Nuts 
Beans 
Peas 2 ee 
Rubbly Culm. . 

Steam Coals : 
Large Ordinary 


FUEL OIL. 


Inland consumption ; contracts in bulk. 
Exclusive of Government tax of 1d. 


Ex Ocean Installation. 
Furnace Oil (0-950 gravity) 
Diesel Oil Bie tie a8 


15 


-to 15: 


15.3 to 15/6 
14/6 to 15 
14/6 to 14.9 
14 — to 14/3 
19/6 to 23 
19 to 24 

17 

16 

13 
15/— to 16 
15— to 15/3 
24/6 to 26/6 

19/6 
19/— to 19/4} 

18/6 
18/3 to 18/6 
13/6 to 14/6 
13/— to 13/6 
25/— to 27/- 
30/— to 47/6 
24/6 to 25/- 

22/- 
36/— to 40/- 
41/— to 48/6 
40/- to 48/6 
25/— to 35/- 
19/— to 23/6 
11/6 to 12 
18,— to 20/6 


per gallon. 


Per Gallon. 


3}d. 


4d. 




















Nov. 27, 1936 








THE ENGINEER 


589 








French Engineering Notes. 
(From our own Correspondent in Paris.) 


Employers’ Protests. 


THE failure of the Popular Front Government to 
initiate a new era of industrial activity with its scheme of 
labour reforms has brought Monsieur Spinasse, Minister 
of National Economy, into direct conflict with employers, 
who are accused of placing obstacles in the way of carrying 
out the Socialist programme. If living costs rise to the 
same extent as the advance in wages, the programme 
obviously must fail in its main object, and for that reason 
an attempt has been made to enforce measures against 
price inflation, with such poor results that the Minister 
admits that wholesale prices had increased 20 per cent. at 
the end of October last. He complains that manufacturers 
have inflated prices unduly, for reasons which, he alleges, 
can only be explained by a deliberate antagonism on the 
part of employers. His allegations are that makers will 
not undertake early deliveries, they will not quote firm 
prices, they seek to escape from the forty hours’ week, 
and they complain of a lack of skilled hands when there 
are plenty of unemployed men to draw upon. A reply was 
immediately forthcoming from the Comité des Forges, 
which states that deliveries are necessarily irregular when 
work is interfered with by strikes, social disorders and 
holidays, that there can be no firm prices so long as enter- 
prise suffers from economic upheavals, that the forty 
hours’ week can only lower production without appre- 
ciably increasing employment, and finally that there are 
no unemployed workers in the iron and steel areas from 
which to draw skilled hands. The Minister’s attack on 
employers has revealed the strength of their combination. 
Their aim is to organise industry in a manner equally 
advantageous to themselves and the men, and their 
common interest lies in opposing the application of 
Socialist ideas that are pure fallacies unless they can be 
adapted to a practical system. 


Labour Agitation. 


There can be no pretence of the labour revolution 
having succeeded when strikes continue to break out over 
questions of detail that should have been settled by 
collective bargaining, and the fact that such a settlement 
should still be giving rise to serious difficulties shows that 
there is something wrong with the whole system. No 
general contract appears to be binding on the men. The 
chief causes of dispute are the right of employers to dismiss 
men and the right of the men to insist on the dismissal of 
foremen or others in authority who displease them. The 
men are prepared to go to any length to prevent employers 
from depriving them of work when there is no work avail- 
able. Strikes have been extending in the engineering 
trades in the Nord. The works of the Compagnie de Fives- 
Lille are now entirely at a standstill. At Roubaix the 
men are evidently tired of the long period of strikes, for 
at one factory workers expelled the strikers with the aid 
of the police, and this and other instances of strike- 
breaking are regarded as an indication of labour dissatis- 
faction at the extremist character of union action. On 
the other hand, employers are making it clear that they 
will only be satisfied with complete authority in their own 
works, and the uncompromising attitude they have taken 
up in this essential claim is likely to modify a situation 
that has become so involved as to be a source of danger. 


The Saint-Chamas Explosion. 


The disaster at the powder factory at Saint- 
Chamas, involving the loss of more than fifty lives and 
injuries to nearly 200 workers, is one of a series of unex- 
plained accidents that have aroused public attention to 
the dangers of handling modern explosives. The removal 
of factories from populous centres ensures isolation with- 
out the necessity of costly earthworks, and when an 
explosion occurred at Saint-Chamas sixteen months ago 
there was no loss of life. The factory is the largest in 
France and is situated near the Etang de Berre, about 
30 miles from Marseilles. The explosion last week was 
particularly serious and appears to have originated in a 
fire, but whether in the tolite mixing shop or drying shop 
is not quite clear, and an engineer who escaped with 
injuries declares that there were two explosions separated 
by afew seconds. About 8 tons of tolite blew up and 10 tons 
of explosive were miraculously preserved. 


Oil-electric Locomotives. 


Since the experimental run between Paris and 
Lyons of the oil-electric locomotive built for the Algerian 
Railway the P.L.M. Company has made considerable 
progress with similar locomotives of a more powerful type 
which are to be put into service next year on non-stop 
runs betwen Paris and Marseilles, particularly with a view 
to accelerating traffic to and from the Riviera. The engines 
were built by the Compagnie de Construction Mécanique 
du Nord and the electrical equipment was supplied by 
Jeumont. The horse-power developed by the set is stated 
to be 4400. Oil-electric railcars are also making steady 
headway. Seven of them are under construction for the 
Compagnie du Nord, and the State Railways will substi- 
tute railcars for local trains on lines besides those to Havre 
and Cherbourg, where the running of fast railcars for local 
services has given excellent results. 


Foreign Trade. 


The trade returns for the first ten months of the 
year include results for the period that elapsed since the 
putting into operation of the labour and social reforms in 
June and July, including the reduction of 15 per cent. in 
import duties and the suppression of a large number of 
import quotas. Compared with the similar period of 
1935, the import value of 19,677 million francs showed an 
increase of 2431 million francs, raw material accounting 
for 10,589 millions, a rise of 1367 million francs. This 
increase is explained partly by the higher cost of raw 
material in devaluated currency, and by speculative pur- 
chases in view of a probable further rise in prices. Exports 
were valued at 12,097 million francs, a decline of 682 
millions, the decrease being particularly marked in manu- 


British Patent Specifications. 


as 





When an ti 18 icated from abroad the name and 
address of the communicator are pri in italics. 

When the abridgment is not illustrated the Specification is 
without drawings. 

Copies of Specifications may be obtain 
Sale Branch, 25, Southampton-buildings, 
ls. each. 

The date first given is the date of application ; the second date, 
at the end of the abridgment, is the date of the acceptance of the 
complete Specification. 


ed at the Patent Office, 
Chancery-lane, W.C.2, 





AERONAUTICS. 


453,797. July 10th, 1935.—BRaKE-OPERATING MECHANISM 
ror ArrcraFrr, Bendix, Ltd., King’s-road, Tyseley, Bir- 
mingham, and P. E. Hall. 

This is an arrangement of braking gear for aeroplanes which 
assists in steering the machine when it is “ taxi-ing’’ on the 
ground, and can be made ineffective while the machine is in the 
air. The brakes of the two wheels are applied by the cables 

A and B. These cables pass round the pulleys C and D back 


N°453,797 a) 








—a 
G==—) 
fee 








to the anchorages E and F on the lever G. This lever is con- 
nected with the pilot’s rudder bar. The pulleys C and D are 
mounted on a lever H pivoted at J and controlled by the cable 
K. When it is desired to apply the brakes the cable K is pulled 
taut, the relative intensity of the tension in the cables A and B 
can then be varied by means of the rudder bar. When the 
machine is in the air the cable K is slacked off and the braking 
arrangement does not embarrass the steering bar.—September 
18th, 1936. 


TRANSMISSION OF POWER. | 


454,303. March 26th, 1935.—Swasu Prare Drives, H. H. 
Stinnes, 1, Lichtensteinhalle, Berlin, W.35, Germany. 

This invention is concerned with the balancing of swash plate 
drive motors and envisages a motor having three swash plates 
ABC. The angularity of these plates is arranged one in 
advance of the other to a definite degree of, say, d. Each of the 
plates works in conjunction with six axial pistons. The balancing 
of the forces which are set up transversely to the shaft is effected 
by arranging those pins of each drive unit which are laterally 
restricted relative to the corresponding piston at an angle to 
the similar pins of the adjacent drive unit, which is equal to 
the phase difference between the one drive unit and the other. 


N°4 54,303 








This is done by displacing or offsetting the pins D D of the one 
drive unit relative to the similarly controlled pins of another 
drive unit peripherally to the same angle « which constitutes the 
phase difference angle between the two units. The pins without 
lateral play in their pistons would therefore correspond to 
cylinders 1 and 4 of the drive unit II, to cylinders 3 and 6 of the 
drive unit I, and to cylinders 2 and 5 of the drive unit III. The 
displacement of the laterally restricted pins of one unit relatiye 
to those of the adjacent unit produces a corresponding displace- 
ment of the lemniscatically moving parts of one drive unit 
relative to the adjacent drive unit and thereby causes the 
transverse forces set up by them to be balanced.—September 
28th, 1936. 


MOTOR CARS AND ROAD TRAFFIC. 


454,267. March 28th, 1935.—SeRvo-assisTED BRAKES, Clayton- 
Dewandre Company, Ltd., and 8S. H. Edge, Titanic Works, 
Lincoln. 

This brake mechanism is operated by the suction produced in 

the engine intake manifold. The brake pedal is shown at A 

and is pivoted at B B on arms on the cross shaft C. This shaft 

applies the brakes through the levers D D and the wires E E. 

The cross shaft is also connected with the vacuum cylinder F, 

the vacuum in which is controlled by the “ reaction ’’ valve G. 

This valve, it will be seen, is operated by the tail end H of the 

brake pedal. In the operation of the system, when the pedal A 

is moved in the direction to apply the brakes, it rocks about its 

fulcrum B so that the boss H is displaced relatively to the shaft C 





By 


this movement the cylinder F is connected to the engine 
suction, so that a partial vacuum is produced in the cylinder, 


which is effective to apply the brakes. Since the valve mech- 
anism G is of the “‘ reaction ” type, the partial vacuum prevailing 
in the cylinder F reacts on the valve operating member so as to 
tend to restore it to the “‘ off” position. The operator therefore 
experiences a pressure on the pedal tending to move it to the 
brake releasing position, and this pressure is proportional to the 
braking effort exerted by the pneumatic device F. If the pedal 
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pressure is reduced the pedal will immediately rock about the 
fulerum B in a clockwise direction sufficiently to permit the 
control valve mechanism to move to the “ off” position, whilst 
if the pedal pressure is increased the pedal will rock about its 
fulcrum in the opposite direction and will move the control 
valve to the “on” position. The suction in the cylinder F is 
thus directly controlled by the manual effort exerted on the 
pedal and the braking effort exerted by the engine suction is 
automatically maintained proportional to the pedal pressure.— 
September 28th, 1936. 


MACHINE TOOLS AND SHOP APPLIANCES. 
454,623. March 27th, 1935.—Rotary SHeEarRs, E. Quester, 
141, Wiillnerstrasse, K6ln-Lindenthal, Germany. 


This invention is concerned with rotary shears or slitting 
dises, and aims at getting a clean cut. The dises are mounted 
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on adjacent shafts, as shown, with intervening conical spring 
washers. Presumably, the discs are driven by feathers on the 
shafts, and are pressed together axially.—September 28th, 1935. 


454,521. May 29th, 1935.—BoLTs AND Stups, F. A. B. 
Cossentine, 39, Woodland-way, Tolworth, Surrey. 
This is a stud or bolt of the expanding head type, which can 
be passed through a hole in a plate, the back of which is 
inaccessible. In the body of the bolt there are cut two sloping 
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slots A, and in each there is pivoted a catch piece BB. The 
ends of the slots are closed at C. The bolt is put in place as 
shown by Fig. 3. It is pushed well through the plate and the 
catches opened out by the rod D. It can be taken out again 
as indicated in Fig. 4.—October 2nd, 1936. 


TRAMWAYS AND RAILWAYS. 


454,527. October 8th, 1935.—Rait AncHors, George Turton, 
Platts and Co., Ltd., and J. C. Cowen, Meadow Hall Road 
Works, Wincobank, Sheffield. 

This invention relates to anti-creep anchors for railway 

and like rails, and is of the single-piece type adapted to abut 

against a sleeper or tie and so formed that a powerful grip 
is exerted on the rail foot by the fitment of the anchor to the 
rail. Referring to Figs. 1, 2, and 3, the anchor shown comprises 

a yoke blanked out from a plate of resilient material, and having 

slots of the same formation as the rail foot to be fitted cut 

between the points A, Al, and B, B!, in the two halves C 

and D, which are bent back upon themselves to form two side- 

by-side jaws more or less parallel in a vertical direction, but 

not parallel horizontally one with the other. The jaws C and D 








factured goods. 





and the valve mechanism G is moved to the ‘“ on”’ position. 


are set at an angle one with the other in order to decrease the 
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vertical distance between points E and F4, thus causing 
powerful grip to be exerted on any rail flange the anchor may 
be driven on to, through the effort of the jaw C tending ‘to rise 
and the jaw D being forced downwards when the dual yoke is 
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driven into position. This driving naturally reacts on to the 


small jaw B*, and causes it to spring upwards and engage the 
opposite side of the rail foot. Two alternative designs are 
described and illustrated in the specification. —October 2nd, 1936. 


METALLURGY. 


454,524. August 30th, 1935—THe PropvucTIoN oF SProncE 
Tron, A. A. Johnson, 3 Stureplan, Stockholm, Sweden. 

The inventor produces sponge iron by subjecting iron ore 

and coal to electric heating in a rotary furnace. The mixture 
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is fed into the furnace at A together with air at B, and is dis- 
charged at C. The heating electrodes are marked D and E. 
The essential point is that the electrodes are cylindrical and 
that the heating current passes radially through the mass to be 
treated.—October 2nd, 1936. 


454,562. March 29th, 1935.—PrRocrEssEs FOR THE PRODUCTION 
or Pia Iron, M. Paschke, Burgstidterstrasse 30, Clausthal- 
Zellerfeld, Germany, and E. Peetz, Im Héschegrund 65, 
Duisburg-Hittenheim, Germany, formerly of Grosser 
Bruch 7, Clausthal-Zellerfeld I. 

This invention relates to processes for the production of 
pig iron. It provides a process which enables ores which are 
rich in acid, particularly silicic acid, or contain a high per- 
centage of sulphur, to be successfully smelted with a fuel which 
may be, though is not necessarily, rich in sulphur. The new 
process is based on the idea of entirely dispensing with desul- 
phurisation in the blast-furnace and removing the sulphur from 
the iron only after it has been tapped off from the blast-furnace. 
Slag-forming substances, such as limestone or other fluxes, 
e.g., dolomite, are added to the ore only in the quantity necessary 
for producing an easily fusible acid slag; for example, of the 
type of a charcoal blast-furnace slag, and a pig iron rich in 
sulphur, and desulphurisation of the pig iron is effected by 
a basic slag or otherwise after it has been tapped from the 
furnace. By this means the yield of iron is considerably increased 
and the fuel consumption is reduced. In this specification, in 
general, an ore rich in or containing a high percentage of sulphur 
means an ore containing about 0-2 per cent. S or more ; a fuel 
rich in or containing a high percentage of sulphur means a 
fuel containing about 1-0 per cent. S or more, and a pig iron 
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rich in or containing a high percentage of sulphur means a 
pig iron containing more than about 0-06 per cent. S. The 
accompanying drawing represents a curve showing how the 
free-running temperatures of a blast-furnace slag containing 
12-15 per cent. alumina vary with the content of silicic acid. 
The temperature minimum is at a content of 44 per cent. SiO, 
(CaO : SiO,=1). On the basic side the temperatures rise steeply, 
on the acid side gradually. In the usual coke blast-furnace 
slags the ratio CaO: SiO, is always greater than 1, and is on 
the average about 1-5, corresponding to a content of 34 per cent. 
silicic acid. The corresponding free-running temperature is 
200 deg. higher than with a content of 44 per cent. SiO, and 
approximately 100 deg. higher than with a content of 60 per 
cent. SiO,. In the “ acid ” process, therefore, as in the charcoal 
blast-furnace, the temperature of the hearth can be kept con- 
siderably lower than in the usual “ basic ”’ process. It will be 
assumed that for producing a pig iron suitable for the 
foundry, an iron ore containing 34-42 per cent. Fe, 0-12 per 
cent. Mn, 0-42 per cent. P, 0-03 per cent. S, 24-4 per cent. 
SiO,, 8-36 per cent. Al,O;, 2-95 per cent. CaO, and 2-90 per 
cent. MgO, and a coke containing 84 per cent. C, 9-0 per cent. 
ash, 1-0 per cent. S, and 4 per cent. moisture are employed, 
the composition of the coke ash being 55 per cent. SiO,, 18 per 
cent. Al,O3, 20 per cent. Fe,03, 6 per cont. CaO, and 1 per cent, 
MgO. A highly acid iron ore of this nature can in general 
only be smelted with an unusually large addition of limestone. 
According to the new process, no limestone is added for smelting 
this iron ore. In the blast-furnace the consumption of coke 


then amounts to 1077 kilos. per ton of pig iron, the temperature 
of the blast being 700 deg. Cent. The slag amounts to 1050 kilos. 
per ton of pig iron. 


The composition of the slag is 60 per cent. 


a SiO. 








2, 22-8 per cent. Al,O;, 8 per cent. CaO, 7-4 per cent. MgO. 
he pig iron contains 2-9 per cent. C, 3 per cent. Si, 0-14 per 
cent. Mn, 1-12 per cent. P, and 1-04 per cent. 8. After the 
treatment of the pig iron with a basic slag or the like the sulphur 
content is reduced from 1-04 to 0-04 per cent.__September 29th, 
1936. 
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Secretaries of Instituti » &c., desirous of having 
notices of meetings inserted in this ,arer ted to note 
that, in order to make sure of its insertion, the y informati 
should reach this office on, or before, the morning of the Monday 
of the week preceding the gs. In all cases the TIME and 
PLACE at which the meeting is to be held should be clearly stated. 
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To-pay. 

Inst. oy ELectTricaL ENGINEERS : SoutH MIDLAND CENTRE. 
—Annual dinner. 

Inst. oF Martngt ENGINEERS.—Grosvenor House, Park-lane, 
W. Annual conversazione. 7.30 p.m. 

Inst. oF MECHANICAL ENGINEERS.—Storey’s-gate, S.W.1. 
“The Air Resistance of Passenger Trains,’ F. C. Johansen. 
6 p.m. 

Inst. oF Merats: Norts-East Coast Locat Ssction.— 
Chemical Lecture Theatre, Armstrong College, Newcastle-upon- 
Tyne. ‘ Refractories,” J. W. Mellor. 7.30 p.m. 

Inst. oF PHysics.—Physics Dept., University of Birmingham, 


Edgbaston. ‘“‘ Physical Limitations in Radio Engineering,” 
R. A. Watson Watt. 7.30 p.m. 
Inst. oF StrucruRaL ENGINEERS: MipLanp CouNTIES 


Branca, Juntor SEcTION.—James Watt Memorial Inst., York 
House, Great Charles-street, Birmingham. ‘‘ The Community 
and the Engineer,” W. H. Laithwaite. 6.30 p.m. 

Junior Inst. oF ENGINEERS.—39, Victoria-street, S.W.1. 
“Geodetic Surveying for Map Production,” E. B. Lockett. 
7.30 p.m. 

MANCHESTER Assoc. OF ENGINEERS.—Engineers’ Club, 
Albert-square, Manchester. ‘‘ Accurate Measurement in the 
Workshop,” J. E. Sears. 7.15 p.m. 

Satrurpay, Nov. 287Tu. 

Inst. oF ELECTRICAL ENGINEERS: LONDON 

SEcTion.—Visit to Fulham power station. 3 p.m. 
Monpay, Nov. 30ru. 
or ELectricaL ENGINEERS: - LONDON STUDENTS’ 


“The Design, Manufacture, 
* Cc. H. W. Clark. 


STUDENTS’ 


Inst. 
Section.—Savoy-place, W.C.2. 
and Testing of High-voltage Insulators,’ 
7 p.m. 

Roya. Soc. or Arts.—John-street, Adelphi, W.C.2. “* Some 
Problems of Atmospheric Physics,’ E. V. Appleton. 8 p.m. 

THE ENGINEERS’ GERMAN CrrcLeE.—Institution of Mechanical 
Engineers, Storey’s-gate, S.W.1. ‘‘ What can the Constructor 
do to Further the Use of Electricity in the Household,” Dr. J. 
Laufer. 6 p.m. 

Turspay, Dec. Ist. 

Inst. OF AUTOMOBILE ENGINEERS.—Royal Soc. of Arts, John- 
street, Adelphi, W.C.2. ‘A Background of Engineering 
Apprenticeship,” J. Bedford. 7.45 p.m. 

Inst. oF Civi ENGINEERS.—Great George-street, 8.W.1. 
“The Lower Zambesi Bridge,’’” F. W. A. Handman; ‘“ The 
Construction of the Lower Zambesi Bridge,’”’ G. E. Howorth. 
6 p.m. 

Inst. oF ENGINEERS AND SHIPBUILDERS IN SCOTLAND.—39, 
Elmbank-crescent, Glasgow. ‘‘ Construction of Two Welded 
Oil Tankers,” E. R. Macmillan. 7.30 p.m. 

SHEFFIELD METALLURGICAL Soc.—198, West-street, Sheffield, 
1. 


of Grey Cast Iron,” Dr. A. L. Norbury. 7.30 p.m. 


WEDNESDAY, Dec. 2ND. 

CHEMICAL ENGINEERING GrovPp.—Visit to works of National 
Fertilisers, Ltd., Avonmouth. 2.30 p.m. Meeting in Chemical 
Dept. of Bristol University. ‘‘ Some Alloy Cast Irons of Interest 
in Chemical Engineering,’ Dr. L. B. Pfeil. 6.30 p.m. 

Inst. oF Civit ENGINEERS: STUDENTS’ SEctTION.—Great 
George-street, S.W.1. ‘Construction from the Point of View 
of Consultant and Contractor,” discussion introduced by J. 
Beattie and W. J. M. Haines. 6.30 p.m. 

Inst. oF ELECTRICAL ENGINEERS: WIRELESS SECTION.— 
Savoy-place, W.C.2. “* Modern Receiving Valves: Design and 


| Manufacture,’ M. Benjamin, C. W. Cosgrove, and G. W. Warrer. 


6 p-m. 
THurRspay, Dec. 3Rp. 

Inst. oF ELeEcTRICAL ENGINEERS.—Savoy-place, W.C.2. 
** Continuous Extrusion of Lead Cable Sheaths,”” Dr. P. Duns- 
heath. 6 p.m. 

Inst. or Furet.—British Industries House, Marble Arch, 
W.1. “Steam versus Internal Combustion Engines for Road 
Vehicles,” M. Harman Lewis and M. Platt. 7 p.m. 

Rattway Cius.—Royal Scottish Corporation Hall, Fetter- 
lane, E.C.4. ‘A Journey in Scandinavia,” W. A. Wilson. 
7.30 p.m. 

Fripay, Dec. 4TH. 

Gxiascow UNIvERsity CLuB, Lonpon. 
street, W.1. Dinner. 7.30 p.m. 

Inst. oF ELECTRICAL ENGINEERS : METER AND INSTRUMENT 
Section.—Savoy-place, W.C.2. ‘‘The Post Office Speaking 
Clock,” E. A. Speight and O. W. Gill. 7 p.m. 

Junior Inst. oF ENGINEERS.—39, Victoria-street, S.W.1. 
“The Method of Dimensions as Applied to Engineering,” Dr. 
W.N. Bond. 7.30 p.m. 

Nortu-East Coast Inst. of ENGINEERS AND SHIPBUILDERS. 
—Mining Inst., Newcastle-on-Tyne. ‘‘The Flow of Boiling 
Water Through Orifices and Pipes,’’ W. T. Bottomley. 6 p.m. 

Monpay, Dec. 7TH. 

Inst. oF Crvit ENGINEERS OF IRELAND.—35, Dawson-street» 
Dublin. ‘‘ New Cooling Water System at Pigeon House Power 
Station, Dublin,’ V. D. Harty. 8 p.m. 

Inst. or ExecrricaL ENGINEERS: Lonpon STUDENTS’ 
Section.—Savoy-place, W.C.2. ‘Electrical Methods of 
Determining Cable Sheath Uniformity,” W. E. Laycock. 7 p.m. 


Soc. or ENGINEERS.—Geological Soc., Burlington House, 
Piccadilly, W.1. ‘‘ Agricultural Tractor Design,” D. N. 
MacHardy. 6 p.m. 


Turspay, Dec. 87TH. 

ILLUMINATING ENGINEERING Soc.—lInst. of Mechanical 
Engineers, Storey’s-gate, 8.W.1. ‘‘ Low-voltage Neon,” P. 
Freedman. 7 p.m. 

Inst. oF AUTOMOBILE ENGINEERS.—Geisha Café, Hertford- 


street, Coventry. ‘“‘ Brake Performance,” E. Sisman. 
7.30 pm. 

SHEFFIELD METALLURGICAL Assoc.—198, West-street, 
Sheffield. ‘‘ Gases in Non-ferrous Metals,’ Prof. D. Hanson. 
7.30 p.m. 


“ The Effect of Non-metallic Inclusions on the Graphite Size | 


Café Royal, Regent- 


WeEpDNEsDAY, Dec. 9rn. 

Inst. or AUTOMOBILE ENGINEERS,—Engineers’ Club, Albert 
square, Manchester. ‘‘ Processes in Oil Engine Injection 
Systems with Spring-loaded Nozzle Valves,” Dr. 8. J. Davies. 
7 p.m. 

Inst. OF ELEcTRICAL ENGINEERS: LONDON STUDENTS’ 
Secrion.—Visit to Venner Time Switches, Ltd. 3 p.m. 

Inst. or FuEt.—Chemical Soc., Burlington House, Piccadilly, 
W.1. ‘The History and Development of Mond Gas for Indus- 
trial Purposes,’”” H. A. Humphrey. 6 p.m. 

Inst. or FuEL.—Engineers’ Club, Albert-square, Manchester. 
“The Working of a Rheolaveur Washer and Operating Results 


Obtained,” R. G. Evans. 7 p.m. 
Royat Soc. or Arrs.—John-street, Adelphi, W.C.2. 
“ Artificial Resins.’ 8 p.m. 
Tuurspay, Dec. 107TH. 
Inst. oF AUTOMOBILE ENGINEERS.—-Merchant Venturers’ 


” 


Technical College, Unity-street, Bristol. ‘‘ Brake Performance, 
E. W. Sisman. 7 p.m. 

Inst. or Crvi. ENGINEERS: BIRMINGHAM AND DIsTRIOT 
Assoc.—Annual dinner at Queen's Hotel, Birmingham. 

Frimay, Dec. litu. 

Inst. oF Crvmu ENGINEERS: NORTHERN [RELAND Assoc.— 
Grand Hotel, Belfast. Annual dinner. 

Inst. oF MeEcHANICAL ENGINEERS.—Storey’s-gate, S.W.1. 
“ The Smoke of Cities,” J. 8. Owens. 6 p.m. 

Saturpay, Dec. 127TH. 


NoRTHAMPTON ENGINEERING COLLEGE Past STUDENTS’ 
Assoc.—Criterion Restaurant, Piccadilly, W.1. Annual dinner. 
7.30 p.m, 








CONTRACTS AND ORDERS. 


The Editor is always happy to print short announcements of 
contracts and orders in this column provided they are sent to him 
in time to have news value and that they are likely to interest readers. 





CowaNns SHELDON aNnD Co., Ltd., Carlisle, have received 
from the L. and N.E. Railway a contract for a 70ft. articulated 
locomotive turntable to be installed at Southend locomotive 
depot. 

MIRRLEES BICKERTON AND Day, Ltd., have recently received, 
among other orders, one from the Fairfield Shipbuilding and 
Engineering Company, Ltd., for three six-cylinder, 480 B.H.P.., 
400 r.p.m. marine engines, and for one three-cylinder, 63 B.H.P.. 
1000 r.p.m. marine engine, all four engines being for installation 
in an Anchor Line vessel. 

THe WEsTINGHOUSE BRAKE AND SigNAL Company, Ltd., has 
received from the L.N.E. Railway a contract for the installation 
of electric colour-light signalling between Clapton Junction 
and Chingford. The Chingford Branch is 64 miles long, and 
there are at present six intermediate mechanically operated 
signal-boxes. The substitution of colour-light signallmg for 
the present mechanical signalling will result in the abolition 
of four of these boxes. The installation of colour-light signalling 
will make it possible to augment the present train services by 
extending to Chingford the trains now terminating at Wood 
Street. 

Srmmon-Carves, Ltd., Stockport, has received an order for 
a large boiler plant to be installed by Richard Thomas and Co., 
Ltd., in connection with the reconstruction scheme which is 
being carried out at their Ebbw Vale Iron and Steel Works, 
South Wales. The contract will include three Simon-Carves 
multiple-drum type boilers, each having a maximum continuous 
rating of 100,000 lb. of steam per hour. The boilers will normally 
burn pulverised fuel supplied ,by Simon-Carves ‘‘ Impact’ 
pulverisers, but each will also equipped with six Simon 
Carves compound gas burners ‘designed for burning coke 
oven or blast-furnace gas, or a combination of both. The 
value of the contract is approximately £150,000. 











| PERSONAL AND BUSINESS ANNOUNCEMENTS. 


THE SUNDERLAND ForGr anpD ENGINEERING Company, Ltd., 
is moving its London Offices to Creechurch House, Creechurch 
lane, London, E.C.3. 

Davy Broruers, Ltd., of Sheffield, who have in hand at 
the present time the completion of an extension to their engi- 
neering shops at Darnall, have just decided to make additional 
extensions by doubling the area of the new shops. 

Mr. H. C. MarGreEtt, the assistant manager of the Southamp- 
ton branch of the General Electric Company, Ltd., is shortly 
taking up an appointment at the Hong Kong branch of the 
General Electric Company of China, Ltd. His successor at 
Southampton is Mr. H. W. Wilson, of the G.E.C. sales depart- 
ment, London. 

Mr. Ivon A. BatLey has been appointed general manager 
of the Mond Nickel Company’s Clydach refinery. For the past 
five years, Mr. Bailey has been general manager of the works 
of Henry Wiggin and Co., Ltd., Birmingham, a subsidiary of 
the Mond Nickel Company, Ltd. Mr. Bailey will be responsible 
to Mr. A. Parker Hague who, as general manager of operations, 
will, as hitherto, control all operations of the Mond Nickel 
Company and its subsidiaries in Great Britain. 








Munitions or War.—Referring to a note on page 537 of our 
last issue, Sir Robert Hadfield asks us to say that the total steel 
produced by Hadfields Ltd. during the Great War, 1914 to 1918, 
amounted to about 550,000 tons, largely for munition purposes, 
though this total also includes quite a considerable tonnage for 
commercial and industrial work. The firm used during that 
same period 120 million units of electricity for steel melting and 
other purposes. During the two specially crowded years of 
output, 1917 and 1918, they used 83 million units of electricity, 
chiefly for steel melting. As regards the use of electric energy, 
Hadfields Ltd. desire to say how much indebted they were 
during the Great War to the officials of the Sheffield Corporation 
Electric Supply Department, largely under the management of 
Mr. 8. E. Fedden, M. Inst. C.E. 

DEVELOPMENTS IN TELEGRAPH TRANSMISSION.—At a well- 
attended meeting of the Institution of Electrical Engineers, 
held in London on Thursday, November 19th, Messrs. L. H. 
Harris, E. H. Jolley, and F. O. Morrell presented a paper on 
“Recent Developments in Telegraph Transmission and their 
Application to the British Telegraph Services.” The paper 
gives details of many engineering developments which have 
taken place in the inland telegraph service of the British Isles 
during the past few years. Some account is also given of the 
theory and nomenclature of modern telegraphy and the applica- 
tion of alternating currents to telegraph transmission. The chief 
development is the conversion of the main telegraph system 
of the British Isles to multi-channel voice frequency working, 
which has resulted in the unification of the telephone and tele- 
graph plant. The introduction and rapid expansion of the 

rivate wire services have also contributed to a renewal of 
interest in telegraph matters, and engineers have seized the 
opportunity to adapt for telegraph purposes many of the tech- 
nical developments of other branches of the telecommunications 
art. 
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The McGowan Report. 


We predicted that when the McGowan report of 
electricity distribution was issued considerable oppo- 
sition to its proposals might be expected. At a con- 
ference held at the headquarters of the Institution of 
Electrical Engineers in October, representatives of 
the smaller undertakings strongly protested against 
the recommendation that undertakings with an output 
not exceeding 10,000,000 units per annum should be 
absorbed by larger undertakings. The matter was 
again brought to light when private members’ 
motions were discussed in the House of Commons on 
Wednesday, November 25th. Drastic proposals 
were made by Mr. Herbert Morrison, who begged the 
Minister of Transport not to waste time over the 
McGowan report, which only suggested minor 
amalgamations. The Central Electricity Board and 
the Electricity Commissioners should be scrapped and 
the generation and distribution of electricity trans- 
ferred to a national corporation appointed by the 
Minister. Mr. Robert Taylor also advocated 
nationalisation, with a national Electricity Authority 
subject to such ministerial and other direction as 
might be provided for by statute. Mr. Herbert 
Williams, on the other hand, expressed the hope that 
as soon as parliamentary time was available the 
Government would introduce a Bill based on the 
McGowan report. Replying for the Government, 
Mr. Hore-Belisha, Minister of Transport, said that 
the Central Electricity Board had reduced the cost 
of generation by half in ten years, which was surely 
an achievement. Without rhyme or reason, without 
real cause or justification, it was proposed to abolish 
a system which had produced good results and for 
a not clearly defined purpose to take away from the 
Board its independence. The McGowan report made 
a distinction between generation and distribution. 
Distribution was mainly salesmanship. It meant 
dealing promptly and agreeably with persons and 
firms within properly defined territorial districts, and 
the Committee had therefore recommended that 
local interests should be maintained and the 
business enterprise encouraged. 


best 


The Morris Profit Sharing Scheme. 


A SCHEME, by which employees of the Morris 
organisation are to benefit by the success of the firm, 
was announced by Lord Nuffield on Monday last, 
November 30th. The scheme will operate in all his 


trading organisations, which are Morris Motors, 
Morris Industries Exports, M.G. Car Company, 
Morris Radiators, Morris Engines (Coventry), 


Wolseley Motors, Morris Commercial Cars, Morris 
Oxford Press, and the 8.U. Carburettors, Birmingham. 
The’proposal is to convey into the hands of trustees 
one million ordinary stock units of Morris Motors, 
Ltd., the present market value of which is £2,125,000. 
The new fund will follow on the Staff Pensions Fund, 
which came into operation last April and which 
benefits only salaried employees whose total annual 
remuneration does not exceed £1000. Lord Nuffield 
explained that since the introduction of that fund he 
had given much thought to the establishment of a 
scheme whereby the wage earners, in addition to 
holiday pay, might share in the prosperity of the 
business. The dividends of the fund will be distri- 
buted among the employees, who will receive any 
dividends declared for the current financial year, 
which ends on December 3lst. The control of the 
trust fund will be in the hands of representatives of 
the employees and each of the companies will be 
represented. Morris Motors, Ltd., has an authorised 
capital of £5,650,000 in 3,000,000 73 per cent. cumu- 
lative preference shares of £1 and 10,600,000 ordinary 
stock units of 5s. Two million six hundred and fifty 
thousand units were marketed on October 15th last. 


Psychology in Industry. 


THE sixteenth annual report of the National 
Institute of Industrial Psychology, just published, 
describes typical investigations carried out for indus- 
trial firms during the year, the problems handled 
ranging from the reorganisation of staff offices and 
the introduction of improved methods of selecting 
workers to the devising of a new lighting fixture for 
fine inspection, which reduced eyestrain and increased 
output by 20 per cent. The report emphasises the 
increasing attention being paid to problems of morale 
and factory ‘‘ atmosphere.” ‘‘ The worker’s attitude 
towards his work and towards his supervisor is more 
important than any other single factor in production. 
When the worker is able, to some extent, to ‘ identify ’ 
himself with his work and with the firm that employs 
him ; when he feels that his work is of value ; when 
he works under a supervisor who is just and sympa- 
thetic ; when he is reasonably secure in his employ- 
ment and feels that he will get a ‘ fair deal ’ from the 
management ; then, and only then, is he likely to do 
his best, and may, indeed, achieve high efficiency 
even under physical conditions that are far from 
perfect. When, on the other hand, he believes, 


cerned merely with profits and care nothing for the 
worker as an individual ; when he is on bad terms 
with his supervisor ; when he feels that good work is 
unappreciated, promotion going by favouritism and 
dismissal by prejudice; when he is harassed by a 
sense of insecurity or injustice; then he will be 
unhappy and inefficient, and the strictest discipline, 
the most elaborate of bonus schemes and the best 
welfare services may count for little or nothing.” The 
relation between worker and supervisor is revealing 
itself as a key problem in industrial relations. A 
bullying or tactless supervisor may destroy the 
morale of a whole department. In most works, 
unfortunately, it is still the practice to promote the 
quickest and most efficient workers to supervisory 
posts, without due regard to their capacity to teach 
or control others. Consequently many supervisors, 
often with the best intentions, “ regularly produce a 
crop of breakdowns which are in reality works 
casualties as much as the case that loses a finger in 
the machine. It is seldom that those in secure 
positions fully realise the intense—-sometimes almost 
paralysing—fear and resentment produced in rank- 
and-file workers by an injustice or threat to their 
security.” 


The 274th Anniversary of the Royal 
Society. 


At the 274th anniversary meeting of the Royal 
Society, on Monday last, November 30th, the Presi- 
dent, Sir William Bragg, announced that a principal 
share of the £200,000 bequeathed by Mr. H. B. 
Warren would be administered by the Society. The 
interest on this money was to be applied to the 
encouragement of research in metallurgy, engineering, 
physics, and chemistry. A committee would be 
appointed to administer the fund, consisting of eight 
members appointed by the Royal Society and two 
members by the Governors of Williams Deacon’s 
Bank. Sir William went on to express the satis- 
faction of the Fellows with the gift. The funds 
administered by the Society now amounted, he said, 
to approximately £1,000,000. While to a large 
extent the use of the income was governed by the 
terms of the trusts, nevertheless a general policy of 
the Society was necessary. Sir William then pointed 
out the danger to research workers of “ blind alley ” 
occupations and the importance of encouraging the 
worker to use research as a means to prepare for the 
position of scientific expert. At the anniversary 
dinner, held at Claridge’s on Monday night, Mr. 
Neville Chamberlain, the Chancellor of the Exchequer, 
was the principal guest. He announced the intention 
of the Treasury to make a grant of £30,000 per annum 
towards the establishment of an Institute of Chemico- 
therapy. He pointed out that there was already a 
Government expenditure of £3,800,000 on research for 
defence, which often included subjects of interest to 
civil life, such as money spent on the Royal Observa- 
tory, on the Meteorological Office, and on the hydro- 
graphic surveys of the Navy, particularly the com- 
missioning of a non-magnetic survey ship. Grants 
to universities and colleges now amounted to 
£2,300,000 per annum, and contributions to civil 
research proper to £1,660,000. 


The Parsons Marine Steam Turbine 
Company, Ltd. 


CHANGES in the directorate of the Parsons Marine 
Steam Turbine Company, Ltd., of Wallsend-on-Tyne, 
are announced, following the recent death of Mr. R. J. 
Walker. The Hon. Geoffrey Parsons has been 
appointed chairman of the company, and Mr. W. H. 
Pilmour, for many years the secretary, has been 
chosen as managing director in succession to the late 
Mr. R. J. Walker. We are given to understand that 
Mr. Pilmour will continue to carry out his duties as 
secretary of the company. In London, Sir Eustace 
Tennyson d’Eyncourt will continue to act as consult- 
ing director to the firm, while Engineer Rear-Admiral 
W. R. Parnall will act as the company’s representative 
working from London.’ Mr. D. Somers Brown, who was 
appointed engineering manager of the company in 
1931, has been elected a director of the company. 
Mr. Pilmour, the new managing director, has been 
associated with the firm for more than thirty years, 
and for many years worked closely with the late Sir 
Charles Parsons. Mr. D. Somers Brown is a well- 
known member of the Institution of Naval Architects 
and a Vice-President of the North-East Coast Institu- 
tion of Engineers and Shipbuilders. 


Launch of the Orient Liner “Orcades.” 


Ar noon on Tuesday, December Ist, the new 
Orient liner “‘ Oreades ”’ was launched at the Naval 
Construction Works of Vickers-Armstrongs, Ltd., 
Barrow-in-Furness, before a large company. She 
has an overall length of 665ft., with an overall 
breadth of 84ft., and a depth moulded to ** E”’ deck 
of 47ft. 6in. Her displacement will be about 28,400 
tons on a draught of 30ft., with a gross registered 
tonnage of approximately 23,390. She is designed to 
carry about 463 first-class passengers and 605 
tourists. Her propelling machinery, which is now 
approaching completion in the Barrow shops, com- 


steam from six Babcock and Wilcox high-pressure 
marine type boilers, which are also being constructed 
at Barrow. The boilers are designed for a blow-off 
pressure of 450 Ib. per square inch and for 725 deg. 
Fah. superheated steam temperature. The con- 
densing plant is of the latest ‘‘ Regenerative ” type, 
designed for a working vacuum of 28in. with a 30in. 
barometer and a sea water temperature of 86 deg. 
Fah. The current for heating and lighting will be 
generated by three 550-kW turbo-generators and a 
90-kW oil engine-driven generator set. 


The Absorption of the Unemployed. 


A WHITE PaPER, recently published by the Ministry 
of Labour (Cmd. 5317, 2d.), gives a report of discus- 
sions between the Minister and representatives of 
twenty-four industries, trades, and services on the 
absorption of the unemployed into industry. Since 
the inquiry was announced two years ago a reduction 
of 700,000 in the unemployed register has changed 
the background of the conversations. Approaches 
were made to the National Confederation of 
Employers’ Organisations and to the General Council 
of the Trades Union Congress, as well as to employers 
and trade unions in particular industries. Six points 
were under consideration, namely :—({a) The extent 
to which existing vacancies cannot be filled owing to 
the geographical distribution of the unemployed and 
inability to secure workpeople of the kind required 
when vacancies exist; (b) the actual or potential 
shortage of trained workpeople and the steps being 
taken or required for remedying this position, both 
as regards the present and the future ; (c) the extent 
to which, for other reasons, such as age or physical 
fitness, vacancies have not been filled ; (d) the deter- 
mination of the effective labour supply among the 
unemployed nominally attached to various industries ; 
(e) the possibility of increasing the number employed 
by reducing the hours of work, limitation of overtime. 
rotation of shifts, standing-off at intervals, or by 
regular holidays, and the probable effect on wages 
and costs of such measures; (f) special problems 
affecting the employment of women and juveniles, 
including the question of the age of recruitment in 
the various industries. The Minister met employers’ 
representatives of the following industries, amongst 
others :—Shipbuilding and ship repairing, gas supply, 
distribution, engineering, iron and steel, wool and 
textile, building, electricity supply, bleaching and 
dyeing, railway services, glass and glass bottle, 
chemical, and public works contracting. 


The Shipbuilding Employers’ Federation. 


At the annual meeting of the Central Board of the 
Shipbuilding Employers’ Federation, which was held 
in Edinburgh on Friday, November 27th, Mr. F. E. 
Rebbeck, of Harland and Wolff, Ltd., Belfast, was 
elected the President for the ensuing year, in succes- 
sion to Sir Maurice Denny, of William Denny and 
Bros., Ltd. The two Vice-Presidents who were re- 
elected were Mr. F. C. Pyman, the managing director 
of William Gray and Co., Ltd.; and Mr. John Elliott, 
of the Mountstuart Dry Docks, Cardiff; while Mr. 
A. M. Stephen, of Alexander Stephen and Sons, was 
elected a junior Vice-President, in order to fill the 
vacancy caused by the election of Mr. F. E. Rebbeck 
as President. The office of the Chairman of the Con- 
ference and Works Board was filled by the election 
of Mr. J. W. Tocher, the manager of the ship repairing 
department of the Wallsend Slipway and Engineering 
Company, Ltd.; and Mr. F. W. Dugdale, the managing 
director of S. P. Austin and Sons, Ltd., Sunderland, 
was elected Vice-Chairman. Mr. F. E. Rebbeck is 
chairman and managing director of Harland and 
Wolff, Ltd., with which firm he has been long asso- 
ciated. He is a West Country man, served his appren- 
ticeship in the Midlands, and joined Harland and 
Wolff at Belfast some years before the war. After 
spending some time on the Continent, he returned to 
Glasgow as general manager of the Harland and 
Wolff works on the Clyde. In January, 1919, he was 
made a managing director and in August, 1930, 
became chairman. 


New Works at Birmingham. 


A NEW press tool works for Fisher and Ludlow, 
Ltd., manufacturers of steel pressings, was opened 
at Bordesley on Friday last, November 27th, by the 
Earl of Dudley. The new factory has about 100,000 
square feet of floor area, and is in close proximity 
to the eight older unit factories owned by the com- 
pany. It is intended to centralise all tool-making 
activities of the organisation in the new works as 
well as the pattern-making and designs department. 
Accommodation for about 700 men is provided, and 
further extensions are in view. Mr. R. H. Roberts, 
the chairman of the company, who presided at the 
opening ceremony, expressed himself as confident 
that the new building would never be short of work. 
Lord Dudley stated that, as President of the National 
Institute of Industrial Psychology, he thought 
that in the present state of all-round prosperity 
the houses of workers should be modernised and the 
old type of factory rebuilt, not only from human- 
itarian motives, but also as a business proposition. 
Research had shown, he said, the enormous advantage 
derived in mass production factories from even quite 
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small changes in the conditions of work of individuals. 





592 


THE ENGINEER 





Dec. 4, 1936 








The Combustion System of Small High- 
Speed Compression-Ignition Engines. 


By J. H. PITCHFORD, B.A. 


— two and three years ago a swept 
volume of one litre per cylinder, or thereabouts, 
was fairly generally regarded as the practicable lower 
limit of size for the small compression-ignition engine. 
To-day, one of the largest builders of automobiles in 
the world is in production with an oil engine having 
a swept volume of substantially less than 500 cubic 
centimetres per cylinder, and this engine is giving, 
moreover, a specific performance superior to that of 
the petrol engine of the same capacity to which it is 
sold as an alternative power unit. It is often argued 
that below a certain size of cylinder the problems of 
the uniform distribution of the fuel charge throughout 
the air in the combustion chamber become insuper- 
able. This is, of course, not true, but the wise choice 
of the combustion system most likely to achieve this 
end is easily the most important step in overcoming 
these problems. 

One can conveniently accept, for the purpose of 
considering their respective merits and limitation, the 
division of combustion chamber types into two main 
groups. Firstly, there is the open chamber or direct 
injection system, in which the whole or substantially 
the whole of the air charge is contained in some form 
of depression in the piston crown, into which the fuel 
is introduced through a nozzle, usually centrally 
disposed, and having one or more small holes so 
arranged as to direct the fuel into the air m what 
appears to be the best way to ensure good and uniform 
distribution in the air charge. This system may or 
may not be used in conjunction with an orderly air 
swirl about the vertical axis of the cylinder, generated 
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TYPICAL HIGH-SPEED OIL ENGINE 


on the intake stroke by the use either of a masked 
inlet valve or a port having a carefully directed 
“lead-in” to give the air the necessary tangential 
component, or a combination of the two. Allter- 
natively, some form of what may be termed the sepa- 
rated chamber system may be used. In this class the 
writer includes all types of combustion systems which 
have some proportion of the total clearance volume 
contained in a chamber, usually in the cylinder head, 
but sometimes in the piston, into which the whole of 
the fuel charge is injected, and which almost invariably 
communicates with the remainder of the clearance 
space by some form of restricted passage or port. The 
form and cross-sectional area of this passage may vary 
within very wide limits, but its purpose is always the 
same, that is, to generate some measure of turbulence, 
either orderly or of a general nature, in the air entering 
the combustion chamber during the compression 
stroke. 

Considering firstly the open chamber or direct 
injection system, it must be said at once that, regarded 
simply from the viewpoint of efficiency, in the true 
sense of a much abused word, this system can be made 
to give results definitely superior to those obtainable 
from any form of separated chamber engine. It is 
necessary however, to examine the system critically 
in the light of the particular limitations and require- 
ments of the very small cylinder size under con- 
sideration, and it will be found that some rather severe 
practical difficuities arise. 

Perhaps the most serious of these difficulties con- 
cerns the question of fuel injection. Where a multi- 
hole nozzle must be used in order to distribute the 
fuel, the size of the individual holes necessary to 
maintain atomisation of the fuel at reduced loads and 
speeds becomes alarmingly small, and the standard of 
workmanship required to ensure the very exact 
penetration and direction of the fuel through the air 
charge necessary where the maximum possible fuel 
path of any one jet to the combustion chamber wall 
will be of the order of 20 mm., must be higher than 
could be tolerated in commercial practice. 


A further difficulty in the matter of fuel injection 
with the use of the multi-hole type of nozzle at high 
speeds is that of ‘“ unloading” the fuel system 
between the pump and the injector at the end of each 
injection stroke of the pump. By “ unloading ”’ is 
meant the releasing of the fuel pressure as nearly as 
possible to atmospheric, so that, during the latter 
part of the expansion stroke, and after the end of the 
fuel injection period, the injector valve itself is not 
called upon to support a residual pressure of several 
hundreds of pounds per square inch in the fuel 
pressure line until the beginning of the next injection. 
This ‘“‘ unloading” is usually achieved by using a 
piston type of delivery valve in the fuel pump head, 
the volumetric displacement of which is roughly 
equal to the sum of the changes in volume due respec- 
tively to the elasticity of the fuel pipe and the com- 
pressibility of the fuel in it under full load, full speed 
conditions. Obviously such an arrangement can only 
give complete “ unloading ’’ under one set of speed 
and load conditions in any one engine. A moment’s 
consideration will make it clear that, where the fuel 
injection pressure rises very rapidly with increasing 
speed and load, as is the case with engines requiring 
nozzles having one or more orifices of fixed area, this 
problem assumes a serious aspect. 

It should here be explained that if, at high speeds, 
a very considerable degree of “‘ unloading” is not 
realised, there is a serious risk that fuel, trapped in 
the fuel line at high pressure, will seep past the 
injector valve during the latter part of the expansion 
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THREE EXAMPLES OF SEPARATE COMBUSTION CHAMBER SYSTEMS 


invariably in carbon formation in or around the 
nozzle holes. This carbon can, and frequently does, 
interfere with the distribution of fuel as between the 
various holes of each nozzle, and with the direction 
of the individual jets themselves to such an extent 
as to depress the performance of the engine very 
seriously. Carbon formation on nozzles is particularly 
undesirable in direct injection engines, since the force 
of the air swirl available to scour off these encrusta- 
tions is negligible at the centre of the cylinder bore 
where the injector is usually situated. 

It may be argued that if an absolutely reliable 
injector valve is used the matter of unloading 
becomes of minor importance, since the actual increase 
in residual pressure in the fuel line with speed has, 
in itself, no bad effects, and by automatically advanc- 
ing the time of opening of the injector valve as speed 
increases may fortuitously provide a timing character- 
istic well suited to a direct injection engine. In 
actual fact, however, it is extremely difficult to ensure 
absolute nozzle tightness over any considerable 
period of operation. 

Considering now the engine purely as an air pump, 
the limitations imposed by the adoption of the direct 
injection system appear formidable. Obviously the 
volumetric efficiency of any poppet valve engine 
depends simply upon the valve area which can be 
accommodated within the cylinder bore. As has been 
already pointed out, the usual disposition of the 
valves in an oil engine is vertically in the cylinder 
head and, in the case of all engines having two valves 
per cylinder on, or nearly on, the centre line of the 
engine. There is, therefore, a certain area of cylinder 
head directly dependent on the bore, in which must 
be accommodated two or more valve ports and an 
injector boss ; and if it is thought to dispose these in 


valve will be found to be quite inadequate for the 
speed range which we must realise. This difficulty 
is further emphasised when one realises that the 
injector valve must be a developed article of pro- 





prietary manufacture which is commercially avail- 


able, and which will therefore require a boss to 
accommodate it quite disproportionate to the size 
of cylinder we are considering. 

An alternative arrangement is to bring the injector 
into the cylinder head at an angle instead of vertically 
and let it break through the lower head deck well to 
one side of the centre line; this disposition at once 
makes available the full bore diameter for inlet and 
exhaust valves. Also, by running out both inlet and 
exhaust ports on the same side of the head and by 
arranging the injector boss on the opposite side, not 
only is the congestion at the level of the lower head 
deck relieved, but, at the same time, adequate water 
cores can be provided where they are most necessary. 
So far this arrangement sounds attractive enough, but 
unfortunately in applying it we step straight into 
another complication, so serious as to outweigh the 
advantages just set out. The injector nozzle is no 
longer symmetrically disposed relative to the com- 
bustion chamber and we are faced with the dis- 
couraging task of designing and developing a nozzle 
having the lengths and diameters of its holes so pro- 
portioned as to provide jets of the different requisite 
lengths necessary to compensate for this asymmetry. 

A third possible solution is to retain the central 
vertical injector and to use three or four valves placed 
around it. Here again at “ deck ” level, and from the 
point of view of actual valve area, things look quite 
encouraging in spite of the rapidly diminishing valve 
head to stem diameter ratio of such small valves. If, 
however, one considers a section through the head, 
say, jin. above the “ deck,” the picture is not quite 
so bright ; the irreducible minimum section for the 
walls of the ports and the injector boss, from the 
point of view of the foundry, comes to the forefront 
of the picture, and the difficulties of providing 
adequate water space at this level are severe. Never- 
theless, the author is, on the whole, inclined to favour 
a central injector used in conjunction with two inlet 
and one exhaust valves as being the best compromise 
possible, in spite of the rather awkward and expensive 








line on a diameter of the bore, the possible size of 





valve operating gear required. 
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It must be remembered in comparing and con- 
sidering these arrangements that where an orderly 
rotary air swirl is to be generated—as it must be 
during the suction stroke in a direct-injection engine 
—the effective inlet valve area will have to be reduced 
by anything up to, say, 40 per cent. by the masking 
either of the valve or valve seat, or both, necessary 
to direct the incoming air at a tangent to the cylinder 
bore. In larger cylinders than we are concerned with 
here a little can be gained in valve size and water 
space by allowing the valves to overhang the cylinder 
bore slightly, and by accommodating the overhanging 
portion of each valve head in a “ cut-out ” therein. 
This device cannot, of course, be tolerated in a really 
small cylinder, since the volume of air lost to combus- 
tion in the “cut-outs” becomes a considerable 
proportion of that available ; moreover, the presence 
of the “ cut-outs ”’ will have a serious damping effect 
upon that very swirl about a vertical axis which 
we have only contrived to generate at considerable 
sacrifice of ‘“‘ breathing” capacity, and which is so 
essential in making possible fewer and larger nozzle 
holes. 

Clearly, a very close relationship must exist, 
in the realisation of the complete and rapid mixing 
of air and fuel, between, on the one hand, the 
intensity of the orderly air swirl that is found 
necessary, and, on the other hand, the direction 
and degree of atomisation of the fuel, which, in their 
turn, depend upon the number and size of the injector 
holes used. In fact, it is probably true to say that 
in the direct-injection engine, the best compromise 
between the two extremes represented by carefully 
aiming and atomising the fuel so as best to find the 
air, and finding and breaking up one or two relatively 
poorly atomised and directed streams of fuel and 
distributing it successfully by an orderly, but intense, 
air movement, is not at all clearly defined, and that 
the best performance that can be realised from an 
engine of this type may be achieved by almost any 
combination lying between these two extremes, 
always providing that the particular combination 
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finally settled upon has been arrived at by careful 
experiment. 

In this connection, it is perhaps interesting to 
notice that the two most successful and popular 
examples of the direct-injection system made in 
this country are represented by one engine using a 
four-hole sprayer, very high fuel pressures, and a 
relatively slight rotational air swirl, and another 
having an injector with a large single sprayer hole, 
much lower fuel pressures, and an intense air swirl. 
Both these engines, although similar in size, have, 
however, about three times the individual cylinder 
capacity of those which are under consideration 
here, and do not, therefore, present the same problems. 

After a good deal of careful consideration, the 
author has reached the conclusion that, broadly 
speaking, the limits set, first, by the difficulty of 
realising a rapid and intimate mixing of the fuel 
and air consistent with the good volumetric efficiency 
absolutely essential to the success of the really high- 
speed engine, and, secondly, by overcoming in a 
practical manner the fuel injection problems out- 
lined above, are too narrow to allow for the direct- 
injection system being considered as a practicable 
solution in the size of cylinder with which this article 
is concerned. 

Having considered fairly thoroughly what are the 
requirements, and having reviewed at some length the 
obstacles in the way of their realisation, it becomes 
necessary to examine the alternativeseparated chamber 
system in the light of this experience. Even at first 
glanee the picture is brighter; since the air swirl is 
now generated on the compression stroke, there is no 
longer any difficulty in the way of realising a suffi- 
ciently intense air movement to ensure good fuel 
distribution, and this without in any way interfering 
with the volumetric efficiency of the engine ; more- 
over, the more intense turbulence now available, 
whose only cost is a relatively unimportant increase 
in heat and pumping losses, is sufficiently powerful 
to make unnecessary the use of a multi-hole nozzle 


with all its attendant disadvantages in small sizes. 
With this very vigorous air movement available the 
pintle type of nozzle gives a perfectly adequate 
initial distribution of the fuel in the air and has not, 
of course, the rising pressure characteristic with speed 
of the fixed orifice which would seem to be so undesir- 
able in the case of a high-speed engine. 

As the combustion chamber is now placed either in 
the body of the cylinder head or, in some instances, 
in the piston, and since, when it is contained in the 
head, it is connected to the cylinder only by a rela- 
tively small passage which can be so disposed as to 
enter the cylinder as far as possible to one side, the 
way is left perfectly clear to utilise the full diameter 
of the bore for valves, and so realise the largest valve 
area that can be contained therein. Moreover, since 
there is now no centrally disposed injector boss in 
the cylinder head, the valves need no longer be of 
equal size, and the inlet valve may profitably be 
increased in diameter at the expense of the exhaust 
valve up to the point where the area of the latter is 
about 60 per cent. of that of the former. This means 
that for a reasonable bore to stroke ratio the breathing 
capacity of the engine—and therefore its power 
output—need not be in the least restricted up to the 
limit of speed determined by mechanical considera- 
tions. This is a point of the first order of importance, 
since it is only by making full use of the widest 
possible speed range that the small compression- 
ignition engine can justify its additional cost and 
weight as compared to the petrol engine. 

In conclusion the writer is convinced that, pro- 
viding sufficiently vigorous turbulence can be created 
to ensure a very thorough distribution of the fuel in 
the air, and a very rapid interchange of heat between 
the air and the fuel, and that providing no restriction 
need be placed upon the breathing capacity of the 
engine in order to realise this degree of turbulence, the’ 
useful speed range of the small compression-ignition 
engine is certainly no more and probably less limited 





than is that of the petrol engine. 








‘San Francisco-Oakland Bay Bridge. 
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EARTH-FILL MOLE. 


HE new earth-fill mole at the eastern end of the 

East Bay crossing is immediately north of the 
Key Route fill, which the new fill parallels and adjoins. 
This mole reaches outward and westward from the 
Oakland shore for a distance of approximately a mile, 
and lies well north of the routes followed by shipping 
entering and leaving the busy harbour of Oakland. 
The fill rises from a shallow area of the bay, that 
shallowness being the original cause for construct- 
ing the Key Route mole that has heretofore linked 
inter-urban rail traffic and certain of the ferry lines. 
In constructing the new mole for the bridge the site 
was first excavated to a depth ranging from 5ft. to 
20it. to get rid of the submerged overburden of soft 
mud, and, with that clearing done, sand was deposited 
until the trench was filled and new ground made up 
to the prescribed elevation above high water. All 
told, the mole is composed of approximately 1,500,000 
cubie yards of sand excavated and delivered to the 
site by suction dredge. The excavated material 
was carried through a 24in. discharge line, and at the 
peak of that work something more than 1000 cubic 
yards was moved hourly for 24 hours per diem. 


YERBA BUENA TUNNEL. 


The tunnel interposed between the West Bay and 
the East Bay sections of the San Francisco—Oakland 
Bay crossing is interesting for a number of reasons. 
The tunnel was driven through the crest of Yerba 
Buena Island because that course obviated dis- 
turbing established governmental structures and not 
because tunnelling would cost less than cutting at 
the prescribed gradient a route along one side of that 
rocky and hilly island. Geologically, the line selected 
presented difficulties. The formation pierced con- 
sists of shales and interbedded sandstones, over which 
lies a deposit of xolian sands that have a depth of 
135ft. The excavation for the tunnel was 80ft. wide 
at the spring line and 60ft. high, and the work imposed 
the exercise of great caution on the part of the sub- 
contractor, the T. E. Connolly Company, which drove 
and lined that passageway. The instability of the rock 
necessitated an extensive employment of supporting 
structures, in part made up of bent steel ribs formed 
from 16in., 76 Ib. H beams that were disposed longi- 
tudinally, 3ft. between centres. Those members 
primarily sustained the roof material, and are now 
embedded in a concrete lining which has a minimum 
thickness of 3ft. 

Preliminary to excavating the entire cross section 
of the tunnel, three pioneer drifts were driven, 
namely, an 8ft. by 8ft. top drift and a 12ft. by 14ft. 
lower drift along the bottom line of each side wall. 
The side drifts were each extended upward to a 





height of 40ft. by stoping, and that afforded space in 
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which to rear the respective concrete side walls. The 
drifts were braced with timber sets. Driving the side 
drifts was a continuous operation until they opened 
up from end to end of the tunnel. The placing of the 
side walls followed a short distance rearward of the 
drift headings, and when the work on the side walls 
was advanced sufficiently, then the top heading was 
widened out and down to the tops of the side walls, 
the excavation conforming to the prescribed arch of 
the tunnel. As the arch was excavated, the curved 
steel ribs, previously mentioned, were located, and 
the lining of the arch placed thereafter with all prac- 
ticable despatch. Steel forms, in panels 20ft. long, 
were employed in placing the arch concrete. Ply- 
wood forms were used for the side walls. The steel 
forms were mounted on a jumbo that advanced on 
rails laid in a cut excavated for the purpose along 


the mid-line of the top of the great central core of 
rock, which was cleared away only after the lining of 
the tunnel was finished. Concrete for the side walls 
and for the arch was pumped to the required dis- 
charge points through a Tin. pipe. The pump, which 
had a capacity of 60 cubic yards an hour, forced the 
concrete a maximum longitudinal distance of 650ft. 
and lifted it as much as 70ft. The concrete was com- 
pacted with internal vibrators after it was placed 
within the forms. Afterwards the concrete arch was 
drilled along five longitudinal lines, the holes in a 
line being 10ft. apart, and grout was then forced 
behind the tunnel lining under a pressure of 30 lb. per 
square inch. It should be mentioned that grouting 
was extensively used to stabilise the weathered 
rock to a depth of 200ft. adjacent to the west portal 
ofthe tunnel. Driving the tunnel entailed the excava- 
tion of 75,175 cubic yards of rock and earth; the 
lining required the placing of 17,712 cubie yards of 
concrete, and that lining is reinforced with a total of 
1,450,000 Ib. of steel. 


ResearcH Work. 


Preliminary to planning and during the period of 
construction there has been done much research work. 
This has been deemed necessary because of certain 
novel aspects of the undertaking, the magnitude of 
the problem, the proximity to the San Andreas fault, 
and, finally, to the desire to improve methods and 
means in order to ensure advance in the art of bridge 
building wherever possible. Mr. C. H. Purcell has 
made public the nature and the findings of certain of 
these researches, and we shall touch briefly upon 
some of them. Stress models, on a one-hundredth 
scale, in structural similitude, were made of two of the 
most approved types of suspension bridges. Those 
models were tested for the probable effect of wind 
pressures by applying unit horizontal loads, and the 
effects of horizontal loads, induced by earthquakes, 
were similarly observable by the application of certain 
lateral movements. Thus direct readings of the 
exact stresses and deflections developed under the 
several conditions were obtainable by the use of the 
models. 

The suspension bridge across the West Bay channel 
has required the use of rivets, both in shop fabrica- 
tion and final field assembly, of rivets having a 
diameter of quite 1}in. and a maximum grip greater 
than 7im. Many of those rivets are of manganese 
steel, and after field driving early im the work, 
examinations revealed that a large percentage of 
those big rivets did not fill their respective holes. 
That disclosure occasioned concern, and much experi- 
menting followed, both with carbon steel and man- 
ganese steel rivets, of corresponding sizes and shape 
of head, that were driven in test blocks at different 
heats. The customary riveting hammers and air- 
operated buckers were used in making the tests. The 
investigators and the riveters collaborated, and as a 
result certain rules were drawn up and the riveters 
thereafter were schooled to do their work in the 
manner so prescribed. Results justified that course. 
Upon this point, Mr. Purcell has stated: “It is 
believed that with proper equipment and proper 
schooling of riveters in the operation of driving rivets, 
large long-grip rivets can be made to fill holes with a 
cold clearance of ;in., at least a large percentage of 
them. If, however, the ordinary riveter is permitted 





to drive large long rivets with ordinary equipment, 
dire results are likely to result, particularly in large 
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tension joints.” From the same authority we learn 
that tests have been in progress regarding riveted 
joints, and especially concerning the,action of rivets 
and spliced-plate metal in the design of large riveted 
joints on pin-plate connections. The results should 
be of much value to the engineering fraternity. 

It has been established that earthquakes commonly 
cause greater damage to structures resting on filled 
land or land of an alluvial deposited character than 
to structures set upon firm rock. It was for that 
reason that the piers for the West_Bay crossing were 
founded on rock capable of sustaining loads up to 
25 or 30 tons per square foot. However, those piers 
are surrounded by water varying from 50ft. to 107ft. 
in depth, and, furthermore, the piers penetrate 
bottom material of varying consistency to depths of 
50ft. to 150ft. It seems that the worst possible con- 
dition that might develop during an earthquake 
would involve the piers moving laterally, like craft 
of blunt form, and thus plough through supposedly 
inert mud and water. With those assumptions, the 
calculations were carried to a point that would assure 
a large margin of safety to the bridge in case of an 
carthquake. The weight given the piers is one of the 
results of the researches, and it is well known that 
resistance to earthquake movement is proportional 
to the deadweight of a structure. The experts engaged 
in designing and building the San Francisco—Oakland 
Bay Bridge are agreed that a suspension, bridge is 
better fitted to withstand an earthquake than a rigid 
steel-frame building of so-called earthquake-proof 
construction, and this superiority is attributable to 
the more flexible character of the suspension bridge, 
which, at the same time, is steadied by the guying 
action of the suspension cables upon the towers. A 
suspension bridge is more resistant to earthquake 
damage than a cantilever bridge, which by its nature 
has a higher centre of gravity and greater rigidity. 


PROMOTION OF SAFETY. 


Considering the hazards to which life and limb are 
exposed in “ heavy industry ’” commonly, and espe- 
cially in connection with an undertaking such as the 
San Francisco Bay crossing and its environment, it 
is remarkable that work has up to date (July, 1936) 
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involved the loss of but twenty-two men. This 
sacrifice might have been greater but for a sustained 
and intensive safety campaign and the insistence upon 
the use of some specified safety aids. Enforcement 
was made possible only by imposing the penalty of 
prompt discharge whenever the men failed to obey 
the rules. Safety hats, fashioned of fabric and bake- 
lite, were prescribed, and where workers were not 
engaged too high above the water they were required 
to don kapok vests, which were buoyant enough to 
keep a man afloat and upright should he fall over- 
board. The men working on the sub-structures had 
to wear steel-capped shoes to protect their toes from 





injury, and the men aloft on the catwalks were 
required to wear safety tread shoes to lessen the 
likelihood of slipping. .The contractors were called 
upon to construct stairways, having easy angles, on 
caissons and working platforms, and all handrailings 
had to be secure, well built, and widely provided. 
Accident frequency was as low as 355 reported 
injuries per million of man-hours, and the majority of 
those injuries entailed no loss of time other than that 
required to apply iodine and a first-aid covering right 
on the job. 


PRINCIPAL QUANTITIES. 


Some idea of the magnitude of the entire under- 
taking will be better conveyed to the reader interested 

















CABLE STRINGING_ON SOUTH CATWALK 


in tigures if we list the outstanding quantities required 
in different parts of the work. These are :— 
152,000 tons 


30,000 tons 
18,500 tons 


Structural steel 
Reinforcing steel 
Cable wire . . 


Concrete 1,000,000 cu. yds. 
Cement 1,300,000 bbls. 
Lumber 30,000,000ft. B.M 
Timber piles 800,000 lin. ft. 
Asphalt 4,600 tons 
Paint .. 200,000 gals. 
Rock wall 317,000 tons 
Dredging 4,678,000 eu. yds. 


Excavation 1,360,000 cu. yds. 


AMORTISATION OF OUTLAY. 


Whether the cost of the San Francisco-Oakland 
Bay crossing is amortised in twenty years or three 
decades will depend upon the tolls charged and the 
volume of traffic in a given period. The rates have 
yet to be decided upon, but the broad plan is to 
reduce the charges whenever an increase in the traftic 
warrants. According to the estimates of the traffic 
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engineer, the following figures are indicative of the 
probable growth of the service :— 


Passengers. 
Year. Vehicles. Vehicular, Interurban. 
1937 .. 6,000,000 .. 12,600,000 .. 42,600,000 
1943 . 7,590,000 .. 15,180,000 - 47,980,000 
1950 - 9,465,000 - 18,930,000 . 54,530,000 
The estimated annual aaa of the bridge is : 
Train passengers .. 50,000,000 
Automobiles on the upper deck . 24,000,000 
Heavy trucks, lower deck 6,000,000 


Up to date the following contractors have been 


engaged upon the undertaking and for the cited 
contract sums :— 
Dollars. 

Transbay Construction Company : Sub- 

structures, West Bay crossing . . 6,957,100-68 
Healy-Tibbitts Construction Company : 

Construction of San _ Francisco 

anchorage .. - ++ 1,036,500-00 
Bridge Builders, Incorporated : Sub- 

structure, East Bay crossing . 4,495,854-00 
Clinton Construction Company of Cali- 

fornia: Yerba Buenaconstruction .. 1,821,292-50 
Columbia Steel Company: Superstruc- 

tures 22,530,568 - 30 
Clinton Construction Company of Cali- 

fornia: Substructure, girder a on 

ION: 0:0 er 253,665-00 
Bridge Builders, Incorporated : Final 

field painting .. d 835,000: 00 
Healy-Tibbitts Construction ‘Company : 

San Francisco section and approaches = 1,172,622-00 
American Dredging Company: Con- 

struction of East Bay mole and other 

approach filling and grading .. 869,063 - 32 
Frederickson and Watson Construction 

Cnr ' Building rock retaining 

wall is ae ee, See. emt ws 274,687 - 50 


The California Toll Bridge Authority is headed by 
the Governor of the State, Frank F. Merriam; and 
the San Francisco-Oakland Bay Bridge Division of 
the Department of Public Works has as its executive 
officials Earl Lee Kelly, director ; C. H. Purcell, chief 
engineer ; Charles E. Andrew, bridge engineer ; and 
Glenn B. Woodruff, engineer of design. The Board of 
Consulting Engineers is composed of Ralph Modjeski, 
Leon 8. Moisseiff, Charles Derleth, jun., H. J. Brunnier 
and the firm of Moran and Proctor. The consulting 
geologist is A. C. Lawson; and Messrs. Timothy L. 
Pflueger, Arthur Brown, jun., and John J. Donovan 
constitute the board of consulting architects. 








frequency which is a given multiple of the r.p.m. 
of the engine. This multiple is generally known for 
any particular engine ; hence it should not be diffi- 
cult to make the initial adjustments. 

Fig. 1 shows disks of moments of inertia I and I, 
attached one at each end of a uniform shaft of tor- 
sional stiffness L and length J. If an impressed 
harmonic torque T cos pt is applied to the disk I, 
each disk vibrates at a frequency p/2r, and the 
amplitudes of vibration are 
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The node is formed in the shaft at a distance x 

from the disk I,, where 
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and 46, 
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When p?=L/I,, 6=0, and x= ; 7.e., a node is formed 
at the disk I which does not vibrate. The frequency 
is then the natural frequency of the system shown 
in Fig. 2. This system thus constitutes a 
torsional vibration absorber for the disk I, and 
neutralises harmonic torques of frequency ,/2 7, 
where p,27=L/I,. An adjustment of L/I, is necessary 
for effective absorption at any other frequency. If 
the vibrations of a part of a structure are to be 
stopped by attaching an absorber of this type, the 
essential feature is that the natural frequency of the 
absorber, when attached to something rigid, should 
be the frequency at which absorption is to be effective. 

Fig. 3 shows a small compound pendulum, pivoted 
near the outer edge of a disk, which, in turn, is 
pivoted at O. The pendulum is shown hanging 
vertically, and when the disk is held the natural 
frequency of the pendulum is 


1 
f= x Jolt. 








where / is the length of the equivalent simple pen- 
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This article has been made possible through the 
co-operation of the San Francisco-Oakland Bay Bridge 
Division, and considerable data has been drawn from 
information made public by Messrs. C. H. Purcell, 
Charles E. Andrew, Glenn B. Woodruff, Carlton S. 
Proctor, and others. 








The Pendulum Torsional Vibration 
Absorber. 
By J. DICK, B.Sc., Ph.D., A.M.I. Mech. E. 


THE function of a torsiona] vibration damper or 
absorber is to minimise vibration by providing 
a harmonic torque to neutralise other impressed 
harmonic torques acting on the masses on a shaft. 
The damping is applied automatically at the correct 
frequency if viscous or frictional damping is used, 
but in such cases the necessity for permitting a small 
vibration amplitude before the damping torque can 
act is allied with the practical difficulties of obtaining 
damping torques that are large enough. Torsional 
vibration absorbers provide harmonic torques by 
means of small additional vibrating masses; such 
absorbers are, in general, suitable for only one fre- 
quency at a time, and a readjustment is necessary 
for any other frequency. The pendulum torsional 
vibration absorber was recently introduced in 
America, and, as will be indicated below, is suitable 


dulum. Ifa harmonic torque of frequency f is applied 
to the disk, it is neutralised by vibration of the pen- 
dulum, when f=f,;. The pendulum thus acts as an 
absorber at this frequency. 


Fig. 4 shows the conditions when the disk rotates 
at such a speed that the centrifugal force of the pen- 


dulum is large compared with the weight. At N r.p.m. 
F € aN 


the centrifugal force is 
g \ 60 ) “W 


WwW 
where W is the weight of the pendulum and r is the 
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FIGS. 1 AND 2 
radius of rotation of its centre of gravity. The fre- 


quency of vibration of the pendulum, to give a node 
at the pivot C, can now be calculated by substituting 


W (21M), 
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the centripetal acceleration for g in the usual vibra- 
tion formula for a pendulum. That is, 
y ear. 2nN\?r_N /r 
ee % \z ~60N1 
The pendulum thus absorbs torsional vibration 
of frequency n N, where 


1 di 
~ 60NZ° 
The value of 7 can be chosen to suit the number of 


torque impulses per revolution of the engine. The 
pendulum should then act as an efficient absorber 





at all critical frequencies. 








International Congress on Large Dams. 


No. 
(Continued from page 


QurestTion IV: DESIGN AND WATERPROOFING OF 
SHRINKAGE, CONTRACTION, AND EXPANSION 
JOINTS IN CONCRETE Dams. 


UESTION IV, the second subject to be con- 

sidered at the Dams Congress in Washington, 
was the design of shrinkage and contraction joints 
in dam construction, and this received attention in 
eleven reports from eight countries. Mr. James 
Williamson (London), after briefly referrmg to the 
factors which have contributed in recent years to 
give increased importance to the question of suit- 
able joints in concrete dams, gives an account of 
various types of joint design employed in the dams of 
the Galloway water power scheme. Summarising 





for neutralising disturbing harmonic torques of any 








British practice in the provision of joints in gravity 


IV. 
567, November 27th.) 


dams, Mr. Williamson writes: ‘ Hitherto the most 
usual provision adopted has consisted in building the 
dam in sections of 50ft. to 150ft. separated by trans- 
verse joints, the alternate sections being built up in 
advance, with vertically grooved faces to form a key. 
The shrinkage in setting and the subsequent move- 
ments of contraction and expansion are intended to 
be taken up at these joints and the amount of opening 
may be considerable. Closure near the upstream 
face has usually been effected by a metal water seal 
consisting of a strip of sheet copper set across the 
jomt and anchored into the concrete on each side. 
Sealing can also be effected by forming a large dove- 
tailed groove across the joint at the upstream face, 
coating the faces of the groove with bitumen and 
filling the groove with concrete or reinforced concrete 
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after the shrinkage of setting has taken place. The 
bitumen coatings allow for subsequent slight move- 
ment.” Examples of typical joint designs are illus- 
trated by the author. On the subject of shrinkage gaps 
he says: ‘‘ The general method which now finds most 
favour is to use transverse shrinkage gaps in place of 
single joints and to employ a closer spacing of 40ft. 
to 50ft. The gaps are narrow, about 2ft. to 5ft. wide. 
The sections between gaps may be built up simul- 
taneously ; they are exposed on all faces to the 
atmosphere, so that cooling is more rapid, and the 
gaps constitute the provision made for taking up 
shrinkage in the sections. The gaps are filled with 
concrete in the concluding stages of construction. 
Sealed expansion joints may be incorporated in the 
form of upstream vertical grooves on each side coated 
with bitumen, sheet metal water seals, upstream dove- 
tailed grooves with bitumen sealing, or a combina- 
tion of these. By sealing the expansion gaps on a 
vertical strip at the upstream face only a gravity 
buttress type of dam is obtained which gives favour- 
able conditions for shrinkage and cooling and pro- 
motes economy.” This last suggestion Mr. William- 
son illustrates by an outline design which in essentials 
seems to embody the novel features found in the 
Krangede lamellar dam _ recently completed in 
Sweden. 

In the case of horizontal arch dams, of which there 
are five examples in the Galloway water power 
scheme, radial shrinkage gaps were provided at 
frequent intervals, these have been closed with 
concrete and sealed with cement grout under pres- 
sure. The aim is to ensure sufficient cooling before 
gaps are filled and to avoid having joints liable to 
open. Bitumen joints are avoided. 

Mr. Edward Sandeman (London), in his paper on 
“Contraction Joints,” gives examples of masonry 
dams built thirty or more years ago, in which cracks 
have developed, and of other masonry dams, includ- 
ing Vyrnwy (1882-91), which have remained intact 
without cracking. The author is an advocate of 
moderate speed in building, and the use of a large 
proportion of stone in comparison with concrete as 
a means whereby cracks may be avoided. In these 
days of mass construction of concrete on a large scale, 
such ideals in most cases are unfortunately out of 
the reach of the engineer. Vyrnwy dam contains no 
more than 260,000 cubie yards of masonry and con- 
crete and took seven years to build. At Boulder dam 
3} million cubic yards of concrete were placed in a 
little over two years, and at Grand Coulee the cubic 
contents of the dam when completed will be about 
103 million cubic yards. The rate of placing con- 
crete at Grand Coulee, according to Mr. Savage, has 
already reached the enormous figure of 320,000 cubic 
yards per month. 

Three lengthy reports come from France; one, 
“ Joints in Gravity Dams,” by Monsieur A. Renaud, 
Ingénieur-en-Chef des Ponts et Chaussées, is very 
fully illustrated. The author summarises his con- 
clusions as follows :—‘‘ A close examination, contrary 
to what would appear at first sight, shows that, in 
general, joints are sufficiently water-tight. They 
should not be uniformly distributed ; their positions 
should be chosen with regard to the shape of the 
dam (notably in regard to the irregularities in its 
faces), also in regard to the profile of the foundation 
base and to its local irregularities which cannot be 
avoided. So as to take care of the setting shrinkage, 
joints should be spaced not more than 45ft. apart. 
Such spacing should be reduced according to the 
thickness of the dam in order to take into account 
the probable symmetry of the setting shrinkage. 

“Some of the joints necessary to take care of the 
setting shrinkage may be permanently caulked 
when the main effect of shrinkage has taken place ; 
these are temporary construction joints. On the 
other hand, the reaction to variations of external 
temperature which affects even thick sections of a 
dam necessitates permanent joints to take care of 
the contractions caused by cold; these are the true 
permanent contraction joints.... Design of the 
joints with indentations does not seem to offer any 
benefit and presents some dangers, notably the one 
of starting longitudinal cracks. The flat joint seems 
desirable. ... 

“The best general result seems to be obtained 
in the construction of gravity dams by separate 
blocks keyed together after the setting period, with 
keys having large enough dimensions to allow the 
thorough finishing of the faces of the sections acting 
as wedge, and yet sufficiently narrow so that their 
setting contractions will remain negligible.” 

Monsieur A. Coyne (France), Ingénieur-en-Chef 
des Ponts et Chaussées, in another well-illustrated 
report, ‘‘ Keyed Joints for Arch Dams,” describes 
how the waterproofing of contraction joints in the 
Maréges arch dam, on the Dordogne (France), was 
accomplished. The dam has a maximum height of 
about 90 m., and is divided horizontally into eighteen 
blocks, each approximately 12 m. in length, separated 
by contraction joints 1m. wide. These joints were, 
after the concrete had hardened, filled with concrete. 
In order to ensure their water-tightness they were 
sealed with sheet copper strips, with provision for 
expansion, built into the concrete; the joints were 
afterwards grouted under pressure, a total length of 
8400 m. of grouting pipes being employed. 

The grouting of some of the horizontal holes was 
made nine months after the filling up of the reservoir, 





at a time when the leakage of the dam had reached 
about 3 litres per minute; it is expected that this 
leakage will be lowered to 1 litre per minute. 

Monsieur A. Thimel (France), the author of the 
third French report in this section, “‘ Shrinkage, 
Contraction, and Expansion Joints,” is the Directeur 
Général de la Société Générale d’Enterprises. He 
contributes a well-illustrated account of the jointing 
systems adopted in three important and recent dams 
of French constructions, and gives details of measure- 
ments of contraction and expansion since completion 
of the works. ‘‘ Large dams,” he says, ‘‘ must always 
be provided with joints to prevent cracks due to 
stresses resulting chiefly from changes of temperature. 
These stresses may be excessive only during the period 
of construction, and in this case the dam need be 
provided with only shrinkage joints. This applies to 
arch dams. On the contrary, seasonal changes of 
temperature may produce excessive stresses and 
dams must be provided with contraction joints. 
This is true in the case of gravity dams.” 

The dams described in the paper are : 

(1) Bromme.—A thin arch dam, 42-6 m. maximum 
height, of concrete containing 265 kilos. to 325 kilos. 
of cement per cubic metre of the finished work. 
Developed length on crest 101m. Blocks separated 
by slots with keys. Spacing of joints 18m. Neither 
water-tightness nor draining systems are used. 
Slots were kept open from two to five months and 
subsequently filled with concrete and grouted with 
cement. 

(2) Guerlédan.—aA straight gravity dam. Maximum 
height, 55m.; crest length, 200m. The concrete 
is made with a dosage of cement varying from 
150 kilos. to 250 kilos. per cubic metre. The dam is 
constructed of alternate vertical blocks ‘‘ with 
straight, flush joints, spaced about 30m. On the 
upstream face, the water-tightness system includes 
a reinforced concrete wedge-bead, pentagonal in 
form, and about 1m. over all, bearing against the 
blocks with the interposition of a bituminous film. 
Downstream of the beads there are wells to drain 
water leaking through the joints.” 

(3) Sarrans.—A curved gravity dam about 100 m. 
in height and 130 m. long on the crest. The concrete 
has a cement dosage varying from 180kilos. to 
290 kilos. of cement per cubic metre. The vertical 
blocks are separated by slots with keys and the spacing 
between joints is 16-5m. ‘‘ On the upstream face 
water-tightness is obtained by a bituminous, hot-cast 
prism, protected by a reinforced concrete wedge-bead 
about 1m. in diameter overall. Inside the bitumen 
a reheating circuit permits the stoppage of eventual 
leaks. Downstream of the bituminous prism a drain- 
ing well was provided during the filling of the slots 
with concrete.’’ The slot spaces between the blocks, 
which are afterwards filled with concrete, have a 
width of 1-2m. The particulars given of the total 
leakage measurements at Sarrans during the years 
1934-5 are of great interest. The leakage from all the 
joints under a head of water of 84m. has fallen as 
low as 3 litres per minute. 

The author summarises the conclusions to be drawn 
from the construction and subsequent behaviour of 
the three dams as follows :—In arched dams a spacing 
of about 15m. should be left between the joints; a 
system of slots with keys is best to ensure the bonding 
of the blocks, and, moreover, it avoids the filling of 
the reservoir before completion of the dam. In 
gravity dams the joints should be spaced not much 
more than 15 m. apart, and they should reach to the 
foundation. 

Monsieur Henri Juillard (Berne) contributes the 
only paper of Swiss origin in this section: “ Design 
and Waterproofing of Shrinkage, Contraction and 
Expansion Joints.’’ The author devotes the greater 
part of his report to a study of the deformations 
caused by internal stresses and gives full details of 
observations on the Spitallamm dam (one of the 
Grimsel dams). This is a concrete arch dam of about 
88m. maximum height. The diagrams and graphs 
included in the report show typical deformations and 
movements observed between 1929 and 1935. Mon- 
sieur Juillard says that the formation of cracks which 
occurs during construction or after completion of some 
dams has led builders to reduce the distance between 
construction joints from 35m. to 15 m. or even less. 
He summarises his study in the following words :— 

‘“*(1) After the initial setting, the hydration of 
cement continues for months and years with an ever- 
decreasing intensity. As a consequence an enlarge- 
ment of the absolute volume of the cement particles 
takes place. 

‘**(2) Shrinkage is due to the evaporation of the 
water not chemically combined. It increases under 

ressure. 

**(3) The elastic deformations of the concrete, 
either expansion in water or shrinkage when exposed 
to air, amount to only a fraction, about one-fifth, of 
the elastic deformations of neat cement. 

‘*(4) The slow transformation of the cement, due 
to hydration, prevents the concrete from attaining 
high tensile strength. However, it permits the con- 
crete to shrink without a considerable decrease of this 
tensile strength. 

“ The deformations caused by the internal stresses 
of the concrete were measured on the Spitallamm 
dam (Grimsel). Only the surface of the concrete 
undergoes real shrinkage. It amounts to 0-17 per 
cent. and is a result of the progressive cooling during 





the setting. Within the mass shrinkage is reduced 
by the swelling of the concrete. The deformation 
due to the internal stresses within the concrete 
blocks amounts to about 0-01 per cent. These 
deformations are not in general dangerous even for 
large blocks. On the other hand, it may happen that 
an irregular profile of a foundation, or a poor arrange- 
ment of the concrete blocks, may cause a concentration 
of stresses and result in cracks. 

“The fluctuations of the temperature of the air 
may cause dangerous stresses on the concrete surface. 
The value of these stresses depends on the distance 
between the construction joints. The periodical 
thermal variations measured on two large dams, with 
joints spaced 15m. apart, were found to be +0-007 
per cent. on the downstream face. Toward the 
interior of the wall they diminish rapidly. Two 
drawings showing the deformations of the Spitallamm 
dam demonstrate the perfect elasticity of the concrete 
when the phenomena due to the heat of setting and 
to shrinkage are eliminated.” 

In the short section of his report, in which Monsieur 
Juillard summarises Swiss experience of water-tight 
joints in dams, he mentions that all the systems which 
have been tried have given satisfaction. A concrete 
wedge-bead on the upstream face of the vertical 
joint, similar to those employed in the French dams 
at Guerlédan and Sarrans, has been employed. In 
the Spitallamm dam copper strips have been used to 
seal the joints in the upper part of the wall and at 
the Seenferegg the system employed is similar to that 
used in the Sarrans dam described by Monsieur 
Thimel. This system Monsieur Juillard deems to be 
the simplest and best that has been so far devised. 

The report from Germany is written by Dr. E. 
Link, who supplies descriptions and drawings of a 
varied series of joint designs employed in the build- 
ing of dams in Germany or constructed by German 
engineers in other countries since 1923. Twenty-four 
examples are given and these embrace a great variety 
of closing devices. The author summarises his views 
as follows :— 

‘“* Experience of many years has shown that arched 
masonry gravity dams do not need shrinkage and 
temperature joints; on the other hand, straight 
masonry and all-concrete gravity dams have to be 
provided with vertical joints (main joints) extending 
through the concrete. Their original spacing at 
intervals of 25 m. to 30 m., or more, was too great. 
With spacings of 20 m. no cracks were observed ; 
but usually limits of 12 m. to 16 m. are maintained. 
The lesser spacings are applicable near the abutments. 
The joint surfaces of the dam sections are smooth 
and are provided with rectangular or trapezoid 
indentations. The author gives preference to the 
latter, because rectangular salient parts may jam 
and sharp corners could easily be the cause of shrink- 
age cracks. The joint surfaces are sometimes painted 
or trowelled with thinned clay lute, or, occasionally, 
with bitumen. Double sealing is recommended for 
tightening the joints; single sealing has not always 
been sufficient. The methods of construction described 
and illustrated in the report include, on the upstream 
side, tightening beads of concrete or reinforced con- 
crete; in the inner part, prisms of concrete or the 
frequently used flexible copper sheets. The recesses 
were filled with bitumen in some instances, while in 
others they remained open. The upstream part of 
the main joints is frequently filled with bitumen ; 
asphaltic fabric or asphaltic felt is employed less 
often for this purpose. Tar ropes proved sufficient. 
Control pits for the supervision of the joints can be 
so shaped that they can, if necessary, be filled with 
concrete, thus sealing the joint again. In order to 
drain possible incoming water it is recommended 
that percolation pipes be provided at the time of con- 
struction. An outstanding medium for tightening 
the dam as well as the main joints is a water-tight 
apron, preferably of masonry. The upstream and 
downstream masonry facings do not need any main 
joints.... In the case of construction joints, which 
divide the large sections of the dam into small blocks, 
preferably the same spacings as apply to the main 
joints (about 12 m. to 16 m.) should be maintained.” 

Major G. Westerberg (Sweden), in his paper 
“Design of Shrinkage and Contraction Joints,” 
describes several forms of water-tight joints employed 
in dam construction in Sweden. He says that joints 
made with hard rolled copper sheeting or stainless 
steel plate with provision for expansion and contrac- 
tion are regarded as best suited for the purpose of 
ensuring water-tightness. Attached to his report 
are two supplemental papers describing recent designs 
adopted by Swedish engineers. Mr. Hugo Flodin 
gives an account of the jointing in a reinforced con- 
crete flume at the Malfors power station. This has 
a water depth of 6 m. and width of 19 m. It is built 
in monolithic sections, 30 m. long, connected by 
flexible expansion and contraction joints calculated 
for about 10 mm. movement at each. The seal is 
formed by bent copper strips. 

Mr. P. W. Werner, of the V.B.B., Stockholm, 
describes the water-tight joints in the recently com- 
pleted lamellar gravity dam at Krangede, Sweden.* 
In this work plates of Robertson’s ‘‘ protected metal ” 
or stainless steel have been used to supply the main 
water-tight element, both in the contraction joints 
between sections or blocks and in construction and 





* Tux Enoinerr, November 10th, 1933. 
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shrinkage joints. An account is also given of the 
jointing employed in the Ambursen type dam of the 
Perak Company at Chenderoh, Malaya. 

Messieurs F’. Smreek and J. Kalla (Czechoslovakia) 
contribute a paper ‘‘ Waterproofing of Expansion 
Joints with Rubber in Concrete Lining of the Supply 
Canal of the Power Plant at Ladce on the River Véh.” 
The device employed for securing water-tightness is, 
we believe, a novel one, and is of interest. The 
authors appear to be thoroughly satisfied as to the 
efficiency of the jointing material, which, however, 
has so far not been subjected to the test of many 
years’ service. They point out that one advantage 
of using rubber cords for waterproofing expansion 
joints is that they can be inserted at any time during 
the year and in any weather. The following is a 
summary of the paper. We reproduce a cross section 
of the supply canal and a detail drawing of the joint. 


SECTION THRO. SUPPLY CANAL 
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WATERTIGHT JOINT ON CANAL 


* For developing the water power of the river Vaéh 
at Puchov, a supply canal, 6 kiloms. long, was built, 
with a bottom 18-3 m. wide. The canal is partly 
formed by dykes of gravel of a maximum height of 
10 m. The bottom and slopes are lined with a water- 
proof layer of concrete, 15 em. thick. As a result 
of tests carried out in a canal section, the expansion 
joints in the canal slopes are spaced on the average 
8 m. apart (maximum 12 m., minimum 4 m.). They 
are trapezoidal in cross section and are made by a cut 
in the fresh concrete. For waterproofing, a rubber 
cord was inserted mechanically into the joint to a 
depth of 8 cm. The cord is of trapezoidal cross 
section, the sides 18-5 mm. and 20-5 mm., the height 
19 mm. The space above the cord is filled, to protect 
the rubber from any damage, with cement mortar 
1 : 6 reinforced with an iron bar. In order to permit 
expansion, a layer of paper was put on one face of the 
joint. The rubber cord contains 90 per cent. of Para 
rubber and 10 per cent. of additional material to 
increase the plasticity and as a protection against 
ageing.... The rubber cord was inserted with a 
preliminary tension so as to exert a minimum pres- 
sure of 1 kilo. per square centimetre on the face of 
the joint, corresponding to the maximum head in 
the canal... . 

“The time guarantee by the contractor was 
tixed at five years, at the end of which period the 
rubber cord was to have the following properties :— 
Specific weight, under 1 gramme per square centi- 
metre; tensile strength, 83-100 kilos. per square 
centimetre ; and elongation, 600-799 per cent. 

“The supply canal now in use has no measurable 
leakage, and up to the present the results are very 
satisfactory.” 

Mr. B. M. Jones (U.S.A.) is the author of a paper 
‘ Shrinkage, Contraction, and Expansion Joints in 
Norris Dam,” in which are given the results of 
observations of joint shrinkage at the dam, as recorded 
by electrical temperature and strain gauges installed 
in the structure. The dam and power-house form a 
part of the Tennessee Valley project; they were 
designed by the U.S. Bureau of Reclamation and 
built by the T.V. Administration. The dam is a 
high concrete gravity structure (of 1 million cubic 
yards) in which twenty-seven shrinkage joints are 
provided, dividing the dam into section blocks 
normally 56ft. long each, though a few are of greater 
length. It is the intention, after a lapse of two or 
three years, when the shrinkage joints have reached 
their maximum opening, to fill them with grout, to 
make the dam completely monolithic, and thus secure 
the advantage of additional stability through torsional 
resistance transferred from the abutments through 
the ground joints, which have been provided with 
an elaborate keyed interlock. So far transverse 
shrinkage cracks are few and narrow; about half 
the blocks show one crack and the longest block, 


measurements of contraction made at the Cignana 
dam in Northern Italy over a period of three years. 
The dam has a cubic capacity of 153,000 cubic metres 
and @ maximum height of 56 m. 

The results recorded in these papers (Jones and 
Contessini) and in that by M. Juillard on the 
Spitallamm dam, as well as opinions noted by other 
authors, show that the stresses caused by seasonal 
fluctuations in temperature are greatest at the 
surface and diminish rapidly towards the interior 
of the dam. 


THE GENERAL REPORT ON “ QuEsTION IV.” 


The Rapporteur, Mr. R. E. Lapean, of New York 
City, calls attention to the discriminations, suggested 
by the International Commission on Large Dams 
when calling for reports on ‘‘ Question IV,” between 
shrinkage joints and contraction and expansion 
joints, the functions of the former being limited to 
the construction period and to the earlier part of 
the operating period, while the latter are intended 
to guard against movements caused by changes 
of temperature and of load. Both types of joint 
may be found in the same dam, in which case the 
first named are cemented when the chief effect of 
shrinkage has taken place, or the same joints may 
even fulfil the double réle above mentioned, in which 
case they generally remain open during the entire 
life of the structure. Mr. Lapean observes that “‘ the 
consensus of opinions with respect to the necessity 
of contraction joints (as distinguished from shrinkage 
joints) is that such joints should be provided in all 
straight masonry and all concrete gravity dams. 
There are individual exceptions, notably that of 
Mr. Jones (United States), but in the main the 
foregoing is the quite definitely established majority 
opinion.” 

There is a wider difference of opmion with respect 
to arch dams ranging from the view that no con- 
traction joints are required at all to the opposite 
view. As to spacing dimensions there is almost 
complete unanimity that in concrete gravity dams 
the joints should be spaced not more than 15m. 
apart, and Mr. Hugh L. Cooper, who occupied the 
chair throughout the discussion of the Question on 
September 8th, with all the weight of his great 
experience behind him, expressed the opinion that 
joints spaced 30ft. apart should be regarded as the 
desideratum. 

Views of authors and speakers in the discussion 
varied as to the desirable width of transverse shrinkage 
gaps, the suggestions as to which ranged from a 
minimum of 2ft. up to 8ft. Most of the authors 
favour the provision of suitable drainage facilities ; 
but there was no unanimity of opinion with respect 
to the superiority of flat as opposed to indented 
joints. When indented joints are employed the 
majority of authors and speakers were strongly 
in favour of bevelled or trapezoidal forms over 
rectangular indentations, for the reason that the 
latter may result in spalling cracks at the corners 
as well as shrinkage cracks in cooling. Most of the 
authors favour metallic joint sealing (preferably 


copper) as opposed to the use of asphalt, or bitumen, 
alone. 
DiscUSSION ON QuEsSTION LV. 

The discussion was opened by the Chairman, Mr. 
Cooper, who urged the need of definitely designed 
joint planes of sufficient number and so spaced as to 
eliminate risk of serious cracks, and called attention 
to the large number of dam failures, some 300 of 
significant magnitude according to his records. He 
said that in his opinion one important element in 
the control of cracking is the use of a water-cement 
ratio that will produce a slump of not over lin. to 
1}in. Another is the use of a low-heat cement. 
Quality of concrete, not speed in construction, 
should be the chief objective, and large-scale experi- 
ments should be made to determine what shrinkage 
must be provided for and to fix the dimensions of 
individual ‘“‘ deposits.” Mr. B. M. Jones described 
in some detail the jointing system in the Norris dam ; 
he called attention to the importance of longitudinal 
shrinkage joints, for which no provision was made 
in the dam. During construction fifteen such cracks 
were detected on horizontal surfaces and were 
recorded ; minor cracks were found quite regularly 
at 20ft. intervals, usually starting at re-entrant 
angles of keyways. Mr. Jones also stressed the 
importance of horizontal construction joints, which, 
he said, are just as troublesome as others. 

Sefior Orive-Alba (Mexico) described the methods 
adopted for securing a water-tight face on the 
upstream side of several rock-fill dams in Mexico, 
views of which were thrown on the screen. Mr. 
James Williamson (Great Britain) exhibited slides 
illustrating his remarks on the provisions for jointing 
made in the new dams of the Galloway Power Com- 
pany. With modern cements and high-speed con- 
struction he favoured a spacing of joints of 40ft. 
Dr. Chilton Wright, of the U.S. Bureau of Standards, 
described, with illustrations, the system of jointing 
used in the new experimental tanks of concrete 
construction in the laboratories of the Bureau. 
M. Mary showed on the screen an interesting series 
of views of the Maréges arch dam, and described 
the grouting of the joints referred to in M. Coyne’s 
paper (vide ante). 

Mr. C. P. Vetter (U.S. Bureau of Reclamation) 
said that expansion joimts should be made so that 
the blocks of which the dam is composed act as 
independent elements, using only a waterstop to 
check leakage of water. He described two types of 
rubber seals used in the Imperial dam on the Colorado 
River. Mr. J. H. A. Brahtz, also of the Bureau of 
Reclamation, Denver, referred to instances where 
the contraction of large masses of concrete. near 
foundation level had actually induced cracks in the 
bedrock underlying the concrete, and in close 
contact with it. Among the other speakers who con- 
tributed to the discussion were Mr. N. G. Gedye 
(Great Britain), Professor Theodor Rehbock (Carls- 
ruhe), Mr. A. Stucky (Switzerland), and Herr Otto 
Henninger (Germany). 





(T'o be continued.) 








N additional and important area of automatic 

and power signalling on the Southern Railway 
was completed when the new Waterloo Station 
signal-box was brought into operation on October 
18th. The work thus completed extends from 
Waterloo to Hampton Court Junction. Prior to 
the change there were twenty-three signal-boxes, 
containing a total of 1453 levers, controlling—by 
means of semaphore running signals—the train 
movements over 13} route miles, and some 70 track 
miles used for an intensive train service. The number 
of signal-boxes has been reduced to thirteen and the 
levers to 1101. New signal-boxes have been built 
at Waterloo, Surbiton, and Hampton Court Junction, 
and of the remaining boxes, one is normally closed, 
i.e, opened only when certain movements are 
required, and one is closed for. certain periods of the 
day. Three and four-aspect, multi-lens, colour-light 
signals, in conjunction with condenser-fed track 
circuits, have been installed throughout the area. 
The signals are equipped with 12-volt, 25-watt lamps, 
with small side lights repeating the aspects, following 


standard Southern Railway practice. Back-lights 
are not provided. 
The familiar landmark of Waterloo “A” box, 


spanning the tracks at the ends of the platforms and 
shown in Figs. 6 and 7, page 604 is being removed, and 
in its place a reinforced concrete building has been 
erected at the west side of the lines. The exterior 
of this box is shown in Fig. 8, and it will be seen 
that excellent provision has been made for observa- 
tion from the operating floor. 

A general view of the operating floor is shown in 
Fig. 9. The new box not only replaces the old “ A” 
box, but five others, with a total of 499 levers, 
resulting in a considerable saving in time and manipu- 
lation for the movement of the trains to be handled 





62-5ft., shows two. 
Signor F. Contessini (Italy) presented a record of 





between Waterloo and Vauxhall stations. As in 


Waterloo to Hampton Court Signalling. 


—— 


most signal-boxes containing power interlocking 
frames, the size of the building is largely determined 
by the space required for the controlling apparatus, 
and this enables the operating floor to be of generous 
proportion. The three sections of the all-electric 





Fic. 1—FLoopD-LIT SHUNT SIGNAL 


interlocking frame are arranged so that the points 
and signals, levers 1 to 75, applicable to the up and 
down main local lines, are operated from the smaller 
frame at the Vauxhall end; the points and signals, 
levers 76 to 234, for the main lines, are operated 
from the centre frame, and the points and signals, 
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levers 235 to 309, for the Windsor lines, are operated 
from the smaller frame at the Waterloo end (in the 
foreground of the illustration). There are twenty- 
seven spare levers. The number of signalmen 
varies from three to five, according to the light and 
heavy periods of traffic. 

The interlocking frame is equipped with miniature 
levers, spaced 2}in. apart, and with all-electric 
locking (introduced originally by the Southern 
Railway). Small coloured lights repeat the running 
signal indications, banner indications are used for 
the subsidiary signals, and white lights throwing into 
relief a stencilled N or R repeat the point indications 
when the point blades are tight against the stock-rail 
and bolted in correct normal or reverse positions. 
These indicators are placed immediately behind their 
respective levers. The framework is metal, and locked 
glass covers are fitted to the front, back, and top 
sides. Below the levers, at the front, are the vertical 
rows of contacts for the all-electric interlocking, 
provision being made for thirty-six contacts per 
Interposed between the contacts and the 
By this 


lever. 
well of the frame are locked metal covers. 





FIG. 2—SWITCHBOARD 





types of trains moving over the lines in their area. 
The Transmitting Cabinet shows the descriptions of 
the trains ; a push button on the right-hand side of 
each description is pressed and the description is sent 
down the line as the train leaves, and at the same time 
a miniature red light is shown on the corresponding 
left-hand side to be registered as the “ Last train 
sent.’’ This light remains until a following train is 
described, when its red light will be shown, The 
Receiving Cabinet shows the descriptions of the first 
three trains in the order received, and a further three 
descriptions are automatically stored up until the 
first train description is cancelled by the signalman, 
when the descriptions are stepped up one in sequential 
order. Receiving Cabinets can be seen in Fig. 9 
above and behind the Waterloo end of the large inter- 
locking frame, and a Transmitting Cabinet is placed 
at the centre of that frame, close to which a signalman 
is standing. 

As a contrast to the new conditions, we give in 
Fig. 7 a view of the old ** A ”’ box locking frame, which 
contained 262 levers and was supplied by Stevens and 
Sons, London and Glasgow, in 1892. At that time 

















Fic. 4—CANTILEVER BRACKET PosT 


means, and the use of sealed metal covers over the 
eleetrie lever locks responsible for the interlocking, 
the locking circuits are kept immune from unautho- 
rised interference, At the back of the frame similar 
rows of contacts and lever locks, but not so specially 
protected, are provided for the control and operation 
of the points and signals. 

Illuminated track diagrams, having a background 
of black oxidised copper upon which white waxed 
strips are mounted to represent the tracks, are placed 
over the frames as shown jn the illustration. Two 
miniature red lamps are provided for each track 
circuit. They light up when the track is occupied by 
a train. The two centre diagrams are fully equipped 
with all track circuit indications, and the two at the 
ends with such indications as pertain to the controls 
of the smaller frames. A small white light, placed at 
the end of each platform track, of which there are 
twenty-one, is illuminated in the diagram when a 
member of the platform staff operates a push from 
the platform concerned to indicate that a train is 
ready to start. This light is extinguished imme- 
diately the platform starting signal lever is pulled. 

Magazine train describing apparatus is provided to 
indicate to the signalmen the various destinations and 











the work was classed as the largest signalling installa- 
tion in the world, and additions were made to the 
original 220-lever frame. Several new mechanical 
and electrical signalling devices were introduced at 
that time, when the frame and signal-box erected in 
1874 was removed. Lever-saving appliances per- 
mitted 102 signal levers to work 160 signal arms and 
44 facing point lock levers to work 66 facing point 
locks and locking bars. In the locking frame of 220 
levers 16 small setting levers were inserted at 
intervals. It was considered that the work possible 
from the 236 levers would, in the then usual con- 
ditions, have required over 400 levers. At that time 
there were six running lines and seventeen platform 
lines at Waterloo, whereas to-day there are eight 
running lines and twenty-one platform lines with a 
more intensive train service, both steam and electric. 
The new power frame with 282 working levers, how- 
ever, not only covers the work previously carried out 
by the former “* A ”’ box, but five more frames with a 
further total of 237 levers. Sykes’ lock and block 
was used from the opening of the old box, and the late 
Mr. W. R, Sykes was responsible for several of the 
ingenious electrical devices introduced at one time 
or another at Waterloo “A.” Since 1892 many 





changes to permanent way, including the rebuilding 
of the station, completed in 1922, and much signalling 
development have taken place there, and it is esti- 
mated that there were about 24,000 lever movements 
a day at the time the box was closed. The number of 
daily train movements, excluding shunting moves, 
at Waterloo is 1240 during the winter service and 
1430 during the summer. ‘The new power frame 
enables the signalmen to handle these with the 
minimum amount of physical exertion. 

It may be appropriate to mention here that 
Clapham Junction * A” and West London Junction 
signal-boxes, which were equipped with power frames 
tor operating low-pressure pneumatic point and signal 
mechanisms in 1912, and later converted to electro- 
pneumatic operation, have now been replaced with 
all-electric power frames, of the same type as that at 
Waterloo, operating colour light signals, but the 
electro-pneumatic operation of the points has been 
retained. 

The basement of the building contains the switch- 
board for incoming and outgoing feeders (Fig. 2), fuse 
and terminal panels, and metal relay racks for a total 





EAN AOE CY EER im NN 


FiG. 3—-RELAY RACKS 





FiG. 5—POSITION LIGHT ROUTE INDICATORS 


of 722 relays. The racks, as shown in Fig. 3, are placed 
so as to allow free access to the shelves, and the con- 
necting wires are run on hooks fitted above the relays 
served. Power is obtained from the railway com- 
pany’s sub-station at 220 volts, 75 cycles, and is 
transformed through duplicate oil-cooled transformers, 
60 kVA capacity, to 110 volts for signalling purposes. 
Duplicate feeders are connected to the sub-station, 
at which alternate supplies from Lewisham sub- 
station and Durnsford-road power station, Wim- 
bledon, are available. The main control cables 
leading from the signal-box to outdoor terminal boxes 
placed near the functions they control are hessian 
tape covered, lead sheathed, multi-core V.I.R. wires, 
up to a maximum of forty wires, and the connections 
from the terminals to the functions are bitumen- 
covered multi-core cables. 

It is interesting to note, as giving some conception 
of the intricate wiring necessary, that the total 
length of wire used inside the signal-box for the elec- 
tric interlocking, selection and control circuits, 
illuminated diagrams, &c., amounted to 110 miles. 
The number of contacts used for the interlocking 
circuits is 3328, and for selection and control circuits 
2313, or a total of 5641 in the frame. 
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The signal-box is in telephonic communication with 
twenty-seven signal locations within its control in 
order that signalmen may communicate with engine 
drivers, if necessary, when detained at controlled 
and automatic signals. Loud speaker equipment has 
been installed between the box and a ground frame 
used for movements into the down sidings and loco- 
motive yard. 

All the platform starting signals are equipped with 
route indicators of the “theatre” type, whereby 
multiple lamps are illuminated to form letters, such 
as WL (Windsor local), ML (Main local), MT (Main 
through), &c. A separate lever is employed for each 
route, but only one signal is used, The up inner home 
signals are provided with route indicators of the 
same type, but displaying, when _ illuminated, 
numerals corresponding to the number of the plat- 
form road to which the train is required to run, The 
down advanced starting and the up outer home 
signals are provided with route indicators similar to 
those used for the platform starters, This arrange- 
ment eliminates the necessity for providing a separate 
signal for each route, and removes any possible 
source of confusion to the enginemen. 

An innovation to English railway signalling practice 
has been introduced in this area with the use of 
position light junction indicators, which serve the 
same purpose as route indicators, but by a different 
method. Two of these indicators, fitted to the up 
through and up local starting signals at Wimbledon, 
are shown in Fig. 5. The metal background is fitted 
with three 12-volt, 14-watt, double filament lamps, 
one of which is common when more than one route is 
indicated, so arranged as to show the direction to be 
taken by a train at a diverging point. These are 
mounted above the signal, and when a diverging 
route has been set up and the appropriate signal 
lever has been pulled, the junction indicator lamps 
are illuminated and then the signal changes its aspect. 
Should any two lamps fail in the indicator, the signal 
aspect will remain at red, and failure to operate will 
be indicated to the signalman by the non-operation 
of the indicator repeater behind the lever in the 
locking frame. When the through road is signalled 
no lights appear in the junction indigater. 

Another innovation is the flood-lighted subsidiary 
signal, shown in Fig. 1, which consists of a white 
enamelled dise with a central red stripe, During 
darkness, fog, or falling snow, the disc is continuously 
illuminated by a 110-volt, 25-watt lamp placed 
above. This arrangement eliminates a number of 
red lights which otherwise would be shown at such 
times, and so reduces the chances of confusion to 
enginemen. The signal is operated by a solenoid, and 
the A.C. control is converted to D.C. operation by 
means of a double metal rectifier which provides the 
power for the operating and hold-clear coils. The 
hinged cover at the top enables quick accessibility to 
the contacts used for indication purposes. 

A number of cantilever bracket posts have been 
erected through the area and one is shown in Fig. 4. 
The use of these posts has permitted the track to be 
kept clear of additional posts and signal bridges. In 
no case does the centre of the red, or bottom, light of 
a signal exceed 18ft. above rail level. 

All the points controlled from Waterloo box are 
operated by all-electric point mechanisms, with con- 
stant detection in the signal-box, Two sets of 
movable diamonds are operated by the same means. 

The new signalling between Waterloo and Hampton 
Court forms part of the general scheme of improve- 
ment recently carried out by the Southern Railway to 
provide accelerated train services. Mr, G. Ellison, 
chief engineer, was responsible for the whole of the 
engineering works, and Lieut.-Col, G. L, Hall, assistant 
engineer (signals and telegraphs), was responsible 
for the work herein described, To both we are 
indebted for the opportunity of going over the com- 
pleted work. The power interlocking frames, signals, 
point mechanisms, and much of the signalling appa- 
ratus were supplied by the Westinghouse Brake and 
Signal Company, Ltd., whilst the train describing 
equipment was supplied by the Siemens and General 
Electric Railway Signal Company, Ltd. 
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Deep Diving and Submarine Operations. Compiled 
and edited by R. H. Davis. London: The St. 
Catherine Press. 1936. Price 18s, 


THis is a fourth and much enlarged edition of Sir 
Robert Davis’ well-known ‘‘ Diving Manual,” The 
compiler has, within the compass of 500 pages, aimed 
at a more complete exposition of the art of deep 
diving than has hitherto been attempted by any 
English writer. The present volume, in addition to 
presenting a history of diving and diving appliances, 
contains in the more technical chapters, an account 
of the physies and physiology of diving, whieh is 
sufficiently complete to meet all the practical needs 
of workers in compressed air and of their employers. 
It includes the results of the scientific research and 
practical experimental work carried out recently by 


made it possible to extend the safe limit of depth for 
divers, wearing the flexible dress, to 300ft., which is 
now the official limit adopted in the British Navy. 
The new system evolved by the Diving Committee 
for decompression is based on an extension of the 
stage decompression principle devised many years 
ago by the late Professor J. 8. Haldane, and permits 
of the decompression times for the deeper dives being 
considerably reduced. Not only is the subject of 
diving fully treated by Sir Robert and his colla- 
borators, but other branches of compressed air work- 
ing receive adequate attention. There are, in addi- 
tion, chapters of general interest on means of escape 
from disabled submarines, the salvage of ships, and 
recovery of sunken treasure, and a section containing 
stories of divers’ adventures which Sir Robert 
entitles ‘‘ Diver’s Yarns.” 

The work which has formed the basis of all modern 
developments of the technique of deep diving under 
compressed air conditions was done by the Adeniralty 
Deep Diving Committee, appointed in 1906, among 
the members of which were Professor Haldane, Dr. 
Boycott, and Lieut. (now Captain) Damant, R.N. 
One result of the work of this Committee was the 
adoption of the Haldane stage decompression system 
and a limit of 210ft. as the depth in which com- 
pressed air divers should work. The second Admiralty 
Committee, appointed in 1930, gaye special attention 
to testing the Davis submersible decompression 
chamber and its oxygen breathing apparatus, with 
@ view to enabling divers in flexible dresses to reach 
and to work safely at greater depths than had been 
practicable up to that time. The new methods now 
enable divers to work safely at a depth of over 300ft., 
an increase of nearly 50 per cent. on the maximum 
depth formerly considered the safe limit for flexible 
dress operations; and, by the use of oxygen at 
certain stages in the submersible chamber, the time 
of decompression has been reduced by about 40 per 
cent. 

The first series of deep-water dives using the new 
system took place in Loch Fyne in 1931, and a com- 
firmatory series was completed in 1933. The sub- 
mersible chamber is of steel, cylindrical in shape and 
large enough to hold two men comfortably, It is 
arranged to be slung from a derrick over the side of 
the diving vessel, so that it can be lowered to any 
depth in the water or landed on deck as required. 
At the base of the cylinder is a large door through 
which a fully dressed diver can pass, and there is a 
smaller door at the top. Both doors open inwards. 
Compressed air is supplied to the chamber through a 
diver’s air pipe. The fittings inelude the necessary 
valves and gauges, a telephone, and electric light. 
A ladder, which can be lowered through the bottom 
door opening, is provided for assisting the diver in 
climbing into the chamber. When the time arrives 
for a diver to come up from the bottom the ¢hamber 
is lowered to a suitable depth, say, 60ft., below the 
surface. The diver ascends by stages to the level of 
the chamber, enters it and decompression is then 
continued at a gradually reduced rate, while the 
diver is undressed by the attendant, given hot coffee, 
exercises his limbs, and breaths oxygen supplied from 
containers carried in the chamber, Making use of 
the decompression chamber, a diver who has descended 
to 300ft. and has spent 30 min. on the bottom, 
including time of descent, need spend only 30 min. 
ascending in diving dress from 300ft. to 60ft,, followed 
by 124 min. breathing oxygen in the relative comfort 
of the chamber, the total time from beginning his 
ascent until he is released from the chamber into the 
open air being thus 154 min. 

The volume contains decompression tables for all 
depths of diving up to 300ft, Those for depths 
between 120ft.-and 204ft. are given in alternative 
forms for use with and without oxygen. The tables 
for depths over 204ft. are calculated for use only 
when oxygen is employed. 

Of special interest at the moment in connection 
with the recent successful flight by Squadron-Leader 
F, R. D. Swain to a height of nearly 50,000ft. is 
Sir Robert’s reference to high-altitude breathing 
problems, and among the illustrations in the volume 
is one showing a high-altitude low-pressure chamber 
in Messrs. Siebe, Gorman’s laboratory, in which the 
barometric conditions at heights up to 90,000ft. 
ean be obtained, and in whieh the apparatus used for 
ascents into the stratosphere has been tested. 

The chapters on ‘“‘ The Physics and Physiology of 
Diving,” ‘ Instructions and Hints to Divers,” and 
‘* Methods of Work,” are of considerable practical 
value, and contain a full exposition of those matters 
which should be known te all who are responsible 
for controlling divers and other compressed air 
workers. Another chapter covers the subject of 
first-aid to the diver in the case of illness or accident. 
Among the miscellaneous subjects dealt with by 
Sir Robert, which have not already been mentioned, 
are diving bells, with illustrations of modern examples 
of various types, air locks for eaisson sinking, self- 
contained diving apparatus, emergency diving appa- 
ratus, and oxygen breathing apparatus for mines, 
metal-armoured diving dresses, submarine observa- 
tion chambers, the under-water cutting of metals, 
blasting operations, under-water wreck removal, and 
submarine photography. Accounts of salvage opera- 
tions, both recent and ancient, occupy a considerable 





the Admiralty Deep Diving Committee, in collabora- 
tion with Siebe, Gorman and Co. This work has 


1545, and concluding with an account of the salvage 
of the scuttled German Fleet at Scapa Flow. 

The book is profusely illustrated, and we have not 
noted any important aspect of the subjects embraced 
by the title given to it by Sir Robert Davis which 
does not receive mention in his pages. 


The Britiah Railways. By ALEXANDER NEWLANDs, 
M, Inst. C.E., formerly chief engineer of the 
London, Midland and Scottish Railway and the 
Highland Railway. London: Longmans, Green 
and Co., Ltd. 1936. Price 7s, 6d, 


Tue title of this little book is perhaps a trifle mis- 
leading, as its main burden deals with the statistical 
side and attempts to prove certain facts which are 
adroitly derived from a study of the Ministry of 
Transport’s Annual Returns, the year referred to 
being 1938—in short, one of maximum trade and 
railway depression. There are, howeyer, sub-headings 
to the title, namely, British railways’ history in brief, 
control by Government, their work, their working 
costs, their revenue, and some comments as to their 
future. 

The first three sections are admirable and form 
an exemplary short précis of the history of British 
railway growth and the close parliamentary regula- 
tion to whieh the companies have been subjected 
from their birth. Clearly written, these chapters 
should be read by all, and few will quarrel with the 
facts or the views expressed, though it is perhaps 
stretehing the point to state of America that “ the 
first roads built there were aetually rail roads.” 
For instance, Pennsylvania alone constructed 2380 
miles of toll roads at a cost of 8,500,000 dollars 
long before there was a railroad in the State. 

The author’s figures of ton-mileage capacity on 
horse tramways and canals is of mush interest, and 
he rightly draws attention to the high cost of parlia- 
mentary expenses to the early British railways ; 
his estimate that Britain before 1840 had invested 
£440 million of capital in providing transport is 
one amongst many striking facts in this thought- 
provoking little book. 

Mr. Newlands’ figures on public money devoted 
to roads, namely, £300 million from 1921 to 1931, is 
likely to be challenged, but his comparative main- 
tenance and renewal costs per mile for road and rail 
in 1930, namely, £340 and £314, cannot be similarly 
challenged. 

The figures in regard to employees per mile of 
railway are apt to be misleading, since there are no 
comparable road figures, and much depends on the 
extent of labour by contractors; but the author is 
on firmer ground when he states, very truly, that 
** on the railway tree twigs and branches grew before 
the trunk.” He quotes THz ENGINEER as stating 
that the railways have been “ curbed, crippled, and 
discouraged,” instancing the opposition of the 
Ministry of Transport to the grant of road powers 
to the L.N.W.R. in 1922. Whilst claiming that man) 
of the statistics required by the Ministry are unduly 
expensive to collate as measured by the information 
to be derived therefrom, the author then proceeds 
to suggest that ‘if the trailing tons . . . were given, 
it would be extremely useful.” There are others 
who will prefer the continuity of the existing tables 
with their multitudinoys information. 

It is doubtful if Mr, Newlands is entirely accurate 
when he states that very little shunting is done in 
connection with shipment coal, but he points to a 
truism when he claims that the return on capital 
invested in the British railways has never earned 
much more than 4 per cent., and also that the ratio 
of paying tens to the weight of complete trains is 
in the nature of 1 to 15. 

The next section of this book is replete with 
abstruse figures in regard to the working costs of 
the British railways; it is impossible in a short 
review to comment on the various statistical tables 
which Mr. Newlands has worked out. They lead him 
to the claim that the profit “ from purely passenger 
business’ in a year’s working is small,” and to the 
fact that each railway carriage seat is used four times 
every three days. The division of capital and revenue 
receipts or expenditure is too deep a subject to delve 
into, but there are many who claim that it is based 
on too many assumptions to be of consummate value 
when completed ; nevertheless, the author’s calcula- 
tions that the remuneration on freight capital was 
three times that of passenger service capital gives 
cause for deep thought. 

The book concludes with comparisons of the 
railway results for 1913 compared with those twenty- 
one years later, which, though possibly statistically 
inaccurate, are well worth study. 

Pointing out that “ standardisation is the negation 
of progress,” Mr. Newlands draws attention to the 
possible improvements to railway service which 
might be obtained from use of the motor car axle 
and wheel, containers, and other developments ; 
finally, he mentions the “ Zephyr ”’ Diesel train of 
the Burlington Railroad. Outstanding as these are, 
it should be realised that in the United States the 
first “Zephyr” is already regarded as obsolescent 
after only two years’ service. Such is the speed of 
modern developments. To all interested in transport 
problems, one can cordially recommend a study of 





part of the volume, beginning with the salvage of 
H.M.S. ‘‘ Mary Rose,” sunk at Spithead in the year 





this intriguing book. 
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A New Concrete Pipe Works. 


A NEW works has been opened at Uxbridge for the pro- 
duction of a type of spun concrete pipe which has been 
successfully made in Switzerland for several years, but 


which is new to this country. Known as the “ Super- | 


beton’’ pipe, it is being manufactured by Hunziker 
(Great Britain), Ltd., in a factory adjoining their flint 
brick works, the products of which were described in 
‘'HE ENGINEER of September 4th last. The main shop of the 
new factory is shown in Fig. 1 on the opposite page. In this 
shop the spinning machines are all on one side and the 
mould stripping plates on the other. An extensive storage 
yard served by a transporter crane immediately adjoins 
the main building. The whole shop is served by an over- 








FiG. 5—STRIPPING MOULD FROM PIPE 


head electric crane and a light trolley truck running along 
it joins another running the length of the storage yard. 
Over the spinning machines are two concrete supply 
hoppers, one for the small machine, seen in the fore- 
ground, and one serving the two larger machines. At the 
far end of the shop is the section where reinforcing frames 
for the pipes are built up. Three spinning machines have 
been installed, and at a recent visit we saw spun, on the 
smallest machine, pipes 12in. and l5in. diameter in 6ft. 
lengths. On the second-size machine pipes were pro- 
duced of 18in. and 2lin. diameter in 12ft. lengths, and a | 
pipe 78in. inside diameter, 8ft. long, was spun on the 
largest machine. In the process of spinning the pipes, 
and as may be seen in Fig. 2, the mould is fixed between 
two revolving heads, one of which is open in the centre for 
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SECTION OF PIPE WALL 


\FiG. 6—CrRosS 


charging. The concrete is fed into the moulds by a hand- 
propelled trough, running on rails, which after being filled 
from a chute to the overhead storage bin is inserted into 
the mould for its full length. A spigot at the end of the 
trough centres it and the trough is then turned over by 
means of a hand gear and its contents discharged into the 
mould, which is slowly revolving. Whilst the concrete 
is being tipped, the mould is longitudinally vibrated 
some 7000 times a minute by two pneumatic hammer gears, 
one on each half of the mould. At the end of the pour the 
speed of the machine is considerably increased. The 
vibrating gear can be seen running the length of the right- 
hand half mould in Fig. 5. 

The mould is lined with a filter cloth which permits the 


| high rate of revolution in the machine, results in the 
| complete de-watering of the concrete, and in the produc- 
| tion of a concrete of great density and strength, as may be 
seen from our illustration of a test specimen taken from a 
| reinforced pipe. The method employed in the spinning 
process gives the internal surface of the pipe a very high 
| degree of smoothness, since the finer and lighter portions 
| of the mixture naturally remain towards the inner surface 
| of the spinning concrete. This internal surface is un- 
| touched throughout the whole process, and its smooth- 
ness, combined with the homogeneous nature of concrete, 
produces a perfectly water-tight pipe. The concrete is 
so consolidated by the spinning process that the pipes can 
be stood on end and the mould stripped from them imme- 
diately after coming off the machines. The method of 
stripping the pipes is shown in Fig.1. The two halves are 
unbolted and a small pulling jack pinned into the holes of 
the stripping plates draws each half of the mould away 
in turn and leaves the pipe standing. Upon feeling a 
pipe directly the mould had been removed, we found that 
the concrete was perfectly firm. The same process of 
spinning is used for both plain and reinforced pipes, and 
Figs. 3 and 4 show the department in which the reinforc- 
ing frames are made up. In tne making of tiese frames 
| the circumferential reinforcing rods are wound in a helical 
|form, and are welded electrically to the longitudinal 
| 

| 





reinforcing bars at every crossing. 

All pipes are of the self-aligning type, and can be 

| joined with cement or caulked as is usual in the cast iron 
| joint. A special type of joint has been developed, which 
|employs a hemp and bitumen packing, which provicles 
for a certain amount of flexibility. 








Foreigh Trade in Machine Tools. 


By J. E. LOVELY, Chief Engineer, Jones and Lamson Machine 
Company, Springfield, Vt. 


ASKED some time ago to speak on our foreign trade, 
I wrote to the Association office asking for some 





















































information, and I received in response a number of Figs. 3 and 4 show the ratio of exports and 
statistical figures that T thought you might be interested 
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in, and I had a number of charts prepared in an attempt 
to bring these figures out graphically. 
I was requested to deal particularly with conditions in 














England. Fig. 1 shows rather quickly and graphic- 
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are to-day. That business, of course, right now is a matter 
of competition between ourselves and other foreign 
countries which are producers of machine tools. 

Fig. 2 is made up from the only figures I could 
get on the foreign trade of other machine tool producing 
countries, and may give us something of an idea of capa- 
city of others in export. It is very evident that Ge-many 
is our strongest competitor. If we take the figures of 
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pig iron production and steel production as indicative of 
the industrial development in different countries, the 
picture is something like this:—The United States 
produces about twice as much pig iron and steel as 
Germany, and Germany produces about twice as much as 
England. This year Russia is very close to Germany. 
Her exports probably have not amounted to very much, 
but I think we may look forward with some thought to 
what part she may take in international trade later on. 





to dollars for the monthly figures of the last year because 
the foreign exchange ratio has been fairly steady around 
5 dollars to the pound, whereas in 1930, 1931, and 1932 
the rate was considerably fluctuating. 


If we look at Fig. 3 we will see that from 1913 
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ally the fact that for some little time our exports to Eng- 
land have not been as big a factor in the situation as they 


* From an address before the thirty-fifth annual convention 








escape of surplus water through the perforated mould, 
while still retaining the concrete. This, combined with the 





of the National Machine Tool Builders’ Association, held at 
Hot Springs. Va., October 5—7th. 








to 1934 the exports were way ahead of the imports. 
Back in 1913 the imports for the whole year were worth 
only something like £300,000, equivalent at that time 
to about a million and a half dollars, and climbed in 1929 
to close to £2,000,000 (10,000,000 dollars). In July of 
1935 imports were close to 700,000 dollars a month, 
close to the average monthly rate for 1929, but in May, 
June, and July of this year imports have reached a total 









of about a million and a half dollars a month, or at a 
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rate twice as great as a year ago, or at the high point in 
1929. 

Now let us look at our share of that business, Fig. 
5. Back in 1927 to 1934 it ran from 30 to 40 per cent. 
During the months of May and June, 1936 the same 
thing held true for July—our share of the total 
imports into England was around 60 per cent. As I recall, 
in May it was 61 per cent., and fell to 58 in June and then 
went to 62 per cent. in July. 

Germany is our strongest competitor. No other com- 
peting country is getting an appreciable share. Switzer- 
land is next with about 6 per cent. We know the machine 
tool industry in Switzerland is rather small. Business in 
Switzerland is very poor. One or two or three machine 
tool plants there are quite busy, but they have not as 
much business as they would like, and the prices of their 
machines are high. The business they are getting is about 
the percentage they are equipped to get. 

Other countries, as you will see represented by the 
small sections, are not a very great factor. 

Before I went to England this summer I had a report 
that the Government was demanding such a large portion 
of the product of the English machine tool builder that 
they had threatened to cause the English manufacturers 
to stop a good deal of their exports so as to use it in 
the home market. The report T had was that this probably 
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Fic. 3—-FUEL PUMP SHOP 


was going to open quite a field for our own exports in 
other countries to which England had been exporting. 
With that in mind, it occurred to me that it might be 
interesting for us to look a minute to see where English 
exports have gone, or where they are going to-day. 

During May and June 17 per cent. went to Italy, 
16 per cent. to Australia, 8 per cent. to India, and about 
10 per cent. to Russia ; France absorbs about 5 per cent..; 
British Isles exports to the Dominions take up about 
35 to 40 per cent. 

If you will turn back to Fig. 4 you will find that 
England is doing quite well in maintaining her rate of 
export of machine tools. I do not think we can reasonably 
believe we can take over much of these British markets. 

During May and June the imports into Great Britain 
from the United States were made up of 21 per cent. of 
lathes, 16 per cent. of grinding machines, 14 per cent. of 
milling machines; and all other machinery 40 per cent. 
i do not know just how those reports are collected, nor 
what these “other machines” include. They may 
include high-production machines or special gun-making 
machines or various kinds of special machinery. 








Some New Small Oil Engines. 


A NEw range of small vertical oil engines made in two- 
cylinder capacities and running at a normal speed of 
1000 r.p.m. has recently been introduced by Ruston 
and Hornsby, Ltd., of Lincoln. The engines develop 


5 B.H.P. and 74 B.H.P. per cylinder, the smaller size 
being built with one or two cylinders and the larger with 


one, two, three, or four cylinders. Both types have the 
same specification. The bed-plate forms the crank case, 
and is a one-piece casting which encloses all moving parts. 
Large inspection doors are provided, and the casting is 
machined to carry the fuel pump and the filter on the 
outside. A separate. ‘* wet ’’ cylinder liner of close-grained 
cast iron is used. The top flange is machined to fit into 
the recess in the engine housing, whilst the lower portion 
of the liner is arranged for free expansion and contraction 
with rubber ring water joints. The crankshaft bearings 
are steel bushed and lined with anti-friction metal. They 
are arranged for easy withdrawal and renewal. The 
shaft itself is a steel forging machined all over and ground. 
The steel is laboratory tested for each shaft, and ample 
provision for pulleys on the end of the shaft is provided. 
The connecting-rod used is an H-section steel stamping. 
The big end bearing is lined with anti-friction metal 
direct on to the steel. The small end bearing has a chilled 
phosphor-bronze bush. Lubrication of the main and big 
end bearings is by forced feed, the crankshaft being drilled 
for the purpose. The small end is lubricated by collected 
splash. The cast iron piston is fitted with three pressure 
rings and one scraper. A full-floating, hardened, and 
ground gudgeon pin is used. The push-rod-operated 
overhead valves are worked from a gear-driven cam shaft. 








Each push rod has a ball and socket joint to the rocker, 
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the fitting of spare parts a very simple matter. Three 
of them are shown on the test bed of the Ruston and 
Hornsby works in Fig. 1. 

The works themselves are of particular interest, not 
merely from the historic point of view, but also as an 
excellent example of planned engine production. They 
have been altered considerably and are now in full pro- 
duction on oil engines of all types. From the historic 
point of view, it will be recalled that Ruston and Hornsby, 
Ltd., or, rather, Hornsby, as the firm was then, were 
the builders of the Hornsby-Ackroyd engine, a rival of 
the ‘‘ Diesel” engine, and, incidentally, an engine which 
more nearly approaches the modern high-speed solid- 
injection oil engine in design than the Diesel does. The 
Diesel patents presupposed the constant-temperature 
cycle, which is certainly not adhered to to-day in the 
modern ‘‘ bus”’ engine. The ideas of Ackroyd Stuart 
included injection of a fine spray of fuel by means of a 
pump into the cylinder at the point of combustion in 
the cycle. Thus the new small engines produced by the 
firm, while following closely the orthodox modern specifica - 
tion for the type, nevertheless are direct successors of 
the “ Ackroyd ” design. 

Various sizes and patterns of engines are produced at 
Lincoln ranging from large multi-cylinder marine engines 
to amall horizontal slow-speed engines, and to the new 
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and the cams are hardened and ground. The cams and 
cam shaft are machined from the solid forging, and lubrica- 
tion of their bearings is by forced feed. Gears are used to 
drive the cam shaft from the crankshaft and also to drive 
the lubricating oil pump. The gears run in an oil bath 
and are machine cut. A C.A.V.-Bosch fuel pump and 
atomiser are installed beneath the cylinder head cover, 
and a fuel filter with an easily detachable element.is placed 
on the side of the engine where it is easily accessible. 
The governing system is of the by-pass variety and enclosed 


with the pump. The engine speed is controlled by a 
thumb-screw type stop, which can be varied during 
running. 


On the multi-cylinder engines a separate fuel pump is 
provided for each cylinder and is mounted alongside the 
cylinder which it serves. The fuel pumps are operated 
from the cam shaft. The engine works on full-compression 
ignition—that is to say, adequate compression for ignition 
purposes is provided in the normal cylinder without the 
use of a precombustion chamber or preheating plugs, &c., 
for starting purposes. As a result, the cylinder head is 
of straightforward design. The combustion chamber is 
of the open type, and is combined with a dished piston 
crown. As no second chamber is employed there are no 
restricted passages with consequent uneven heating and 
expansion in the cylinder head. A further advantage 
of the design is ease of starting, which is carried out with- 
out any preparatory operation whatever. It is simply a 
matter of releasing the compression, giving a few turns 
of the handle to get up speed, and then putting on full 
compression and bringing the fuel pump into action. 

The engines are claimed to have two advantages. 
They run with unusual regularity and ‘“‘ sweetness,” 
and are built to close limits of accuracy which makes 





Fic. 4—Fugiu. Pump TESTING 


To obtain e rapid production of such large numbers 
of different parts is not merely a question of installing 
multi-operation machines and special jigs. Actually. 
very few special machines are in use, but rapid production 
is obtained by the elimination of hand fitting and by 
good organisation. The fitting shop is looked upon as the 
biggest delay in production, and accordingly every part 
is extensively machined, and machined to very close 
limits. The result is shown on the erecting floor, 
where engines are assembled largely by “ improvers ” 
in a matter of a few hours and almost entirely without the 
use of a file. Fig. 2 illustrates another phase of this 
system. It shows the machining of a face on the side of 
the cylinder block. By machining to close limits all 
such faces likely to receive or be in contact with other 
parts, no “ fitting” work is needed, and the engines are 
assembled without delay. The practice, while ensuring 
rapid production, incidentally produces a very high quality 
of engine, and’ allows all parts to be interchangeable. 
Incidentally, it results in a skilled type of machinist 
being trained. Figs. 3 and 4 show views of the fuel 
pump machine shop, where injectors and fuel pumps are 
made on the same principle of machining to exact sizes. 
In Fig. 3 a general view is shown, while Fig. 4 shows 
fuel pumps and injectors being tested on a special rig. 
The injectors are tested for a number of hours under 
running conditions, the spray being visible in the glass 
tubes. The fuel is supplied by standard fuel pumps 
as used on the engine for which the injectors are intended, 
driven by electric motors. The injector parts are strictly 
interchangeable, as are the parts of the pumps. In order 
to ensure this an accuracy of 1/10,000in. is necessary, 
and micrometer gauges are installed capable of reading 
to 1/40,000in. 
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Rail and Road. 


: | 
On December 31st, the Dover electric tramways are | 


to cease running and the trams will be replaced by buses. 


A contract for the building of a bridge across the 


Nile at Samanoud has been awarded to Krupps, whose | 


tender was £EF151,293. 


In China, on the Yunnan Railway, the Pisehtsai- 
Mengtoz-Kochiu—Linan branch been extended 
Shihping, and was-epened to traffic on October 10th last. 


‘THE new branch of the Moscow Underground Railway, 
which joins it to the Kieff railway terminus, is shortly 
to be opened to the public. The new section is about one 
mile long. 

THE inspecting engineer of the New Zealand Railways, 
Mr. H. C. Lusty, has been appointed chief engineer, and 
the post of inspecting engineer has been taken by Mr. A. 
H. Murison. 


Ir is announced by the Swedish State Railways’ 
Administration that plans for further electrification are 
being drawn up and are expected to be complete shortly. 
Klectrifieation work at present authorised will be finished 
within the next year or so. 


A ConTRACT has been placed by the London and North- 
Kastern Railway Company for the installation of electric 
light signalling between Clapton Junction and Chingford. 
This branch is 6} miles long, and is at present served by 
six mechanically operated boxes, 

Tur Newcastle and Gateshead Special Bridges Com- 
mittee has been informed by the Minister of Transport 
that he is prepared to make a grant of 50 per cent. towards 
the freeing of the High Level and Redheugh bridges from 
tolls. It is understood that the cost of freeing the High 
Level bridge is £160,000, and the Redheugh bridge 
£115,000, 


Ix order to divert through traffic from the centre of 
Birmingham, the City Engineer and Surveyor has prepared 
a plan whereby the through traffic follows the outer circle 
bus route round the city. On lamp-posts on the route 
will be placed a special sign, of diamond shape, with a 
white background and black edge, bearing the words 
* Ring Road.” This will enable drivers easily to follow 
this road. In conjunction with these signs will be advance 
signs designed to indicate to drivers coming towards 
Birmingham on main roads their near approach to the 
ring road, and showing them the direction in which they 
should turn along it to reach various Midland towns 
specifically mentioned on the signs. To complete the 
system there will be further direction signs on the ring 
road itself, to warn drivers when they are approaching 
the point at which they should turn off it on to a main 
road for their destination. 


Two American railways—the Delaware, Lackawanna 
and Western Railroad, and the Pennsylvania Railroad— 
have developed and installed equipment for the detection 
of equipment hanging from damaged or loosened parts 
of rolling stock or locomotives. In each case the apparatus 
is electrically operated and situated between the rails. 
The Delaware, Lackawanna and Western equipment 
consists of a L}in. by 5in. by 48in. plank of wood mounted 
on edge between the rails. A solid lead wire runs along 
in the centre and about lin. below the top of the plank. 
This lead loops back through a hole near the bottom of 
the plank and extends to terminals at the centre, and is 
electrically relayed to the signal ahead. When the lead 
is broken the signal shows a warning t to the locomo- 
tive driver. On the Pennsylvania Railroad the detector 
comprises four cast grey iron bracket arms, one on each 
side of each rail, the breakage of any one of these arms 
being electrically recorded at the next signal. 


THE Great Western Railway Company's yearly pro- 
gramme of renewals includes the construction at its 
Swindon works of 286 locomotives, comprising 25 
“Castle” class, 10 “ Hall” class, 20 “‘ Earl” class, 
20 “‘ Manor” class, 10 0-6-0 standard goods engines, 
50 2-8-2 tank engines, 101 2-6-2 tank engines, and 
50 0-6-0 tank engines. Of the 294 passenger coaches 
which are to be built, 174 will be of the new end vestibule 
type. Two new trains of centre vestibule coaches, 
designed specially for catering for pleasure parties and 
the service of meals to as many as 400 passengers where 
they sit at one time, are to be built to meet the growing 
demand for such facilities. The programme also includes 
the construction of 150 horse-boxes, 50 eight-wheel 
trucks, and 6 eight-wheel kitchen cars, making a total of 
500 passenger train vehicles altogether. For freight 
services, 3940 new wagons are to be built. Of these 750 
will be vacuum fitted for use on express freight services, 
including 100 of a convertible type for the conveyance 
of motor cars. At the present time the company’s stock 
of containers is 1680, and during the coming year it is 
intended to construct a further 200. The whole programme 
will cost about two million pounds. 

A NEW road to by-pass the village of Whitchurch 
on the route from Cardiff to Merthyr Tydfil is to be built 
by the Glamorgan County Council, and on the applica- 
tion of the Council the Minister of Transport has approved 
a grant from the Road Fund for the first section, which 
is being put in hand immediately. The by-pass will 
be about 2 miles long and is estimated to cost more than 
£80,000. Where the old road passes through Whitchurch 
it has a width in places of only 26ft., although the traffic 
is very heavy, amounting to a daily average of over 
10,000 tons. The by-pass will have dual carriageways 
throughout, separated by a central island and flanked 
with grass verges and footpaths. Each of the carriage- 
ways will be 22ft. wide. It is proposed to carry out the 
work in three sections. The first, for which the grant 
has now been made, is from Merthyr-road to Kyle- 
crescent, Whitchurch, a distance of over 4 mile, and 
will cost about £14,400, and the second will include the 
widening of a bridge over the Great Western Railway 
at Whitchurch Station. Both these sections will be 


80ft. wide, but on the final length a width of 100ft. will 
be obtained in order to accommodate two cycle tracks. 
No provision is made for cycle tracks on the earlier 
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Miscellanea. 


AFTER having remained idle for seven years the steel 
smelting section of Bryngwyn Steelworks, Gorseinon, 
Glamorgan, is to be restarted early in the New Year. 


Aw ultra short-wave television station is being built 
near Moscow. It will have an aerial nearly 490ft. high 
to ensure reception of pictures within a radius of 30 to 40 
miles, 


On completion of his term of office, Professor A. C. G. 
Egerton has retired from the Advisory Council to the 
Committee of the Privy Council for Scientific and Indus- 
trial Research, and the Rt. Hon. the Viscount Falmouth 
has been appointed a member. 


WHEN a dam, forming a part of a reservoir supplying 
power and water for the Osarusawa Mine in Akita, 
Northern Japan, burst on November 20th, over 1000 
people perished as a result of the following flood. The 
dam, which was 200ft. high and 700ft. long, burst owing 
to excessive pressure caused by heavy rains. 


Statistics given in the Hague Statistical Bulletin of 
the International Tin Research Council, show that world 
apparent consumption has increased by 14 per cent. in 
the year ended September, 1936, to 153,751 tons, against 
134,916 tons in the previous year, while world production 
figures for the same periods were respectively 166,032 
tons and 124,585 tons. 


Tue site is being prepared and erection will begin as 
soon as possible on a large coke-oven and by-product 
recovery plant which is to be erected at Ebbw Vale 
Steelworks for Richard Thomas and Co., Ltd., by the 
Woodall-Duckham Company. The plant will comprise 
a battery of sixty-five ovens capable of producing 330,000 
tons of blast-furnace coke a year. About half a million 
tons of coal will be required annually for the new plant. 


AT a meeting of the Industrial Development Council 
of Wales and Monmouthshire, it was stated that duri 
the past twelve months sixteen new industries hi 
been set up, seven works and collieries restarted, and 
eleven extensions had been made in connection with 
existing industries. Sir Robert Webber, a director of 
South Wales’s First Trading Estate, established recently 
between Nantgarw and Upper Boat, near Cardiff, said 
that inquiries for factories were pouring in, and that 
success was assured. 


At a meeting held in the Mappin Hall, Sheffield, on 
Friday last, November 27th, it was unanimously agreed 
that a new Trade Technical Society should be formed for 
the purpose of keeping in touch with the Applied Science 
Department of the University in matters of electric 
and oxy-acetylene welding. The meeting was attended 
by a large number of employers, managers, and workmen 
in the welding and flame metal-cutting trades, and was 
presided over by Professor J. H. Andrew, D.Sc., Dean 
of the Faculty of Metallurgy. 


AccorpING to a report in Iron Age a new metallur- 
gical process to refine iron sand on a commercial basis 
has been developed in Japan by Dr. Keizo Iwase. It 
is stated that the sponge iron is obtained by the usual 
method and is refined with manganese and chromium 
in a special electric furnace; then iron, manganese- 
chromium steel and ilmenite may be produced separately 
at the same time. Dr. Iwase developed a smoke-screen 
solution from the titanium chloride, produced from the 
ilmenite, by adding chlorides of tin and ammonium. 
The smoke-screen is reported to evaporate and spread4 
under low temperature, even at 60 deg. below zero. 


In the course of a paper on insulating oils before the 
Electrical Power Engineers’ Association, Mr. A. L. Read 
said that with few exceptions standard practice in Europe 
at present was to use mixtures of mineral oil and rosin 
for the impregnation of solid type cables, and he pointed 
out that the mixture should be perfectly homogeneous. 
Cable compound should be thin enough to give thorough 
saturation of the paper at impregnating temperatures 
(110 deg. to 150 deg. Cent.), but thick enough at the 
higher working temperatures (50 deg. to 70 deg. Cent.) 
to obviate drainage troubles. The compounds should 
have sufficient lubricating value at low atmospheric 
temperatures to permit bending of the cable during opera- 
tions without risk of fracturing the papers. The compound 
should have a low dielectric constant, high D.C. resistivity, 
and low power factor over the working temperature 
range. There was a body of opinion against the use of 
rosin at all, though for British practice its usé had become 
fairly well established. Referring to cable-jointing 
compounds, the speaker pointed out that for low-voltage 
work and sometimes for pressures up to 11 kV petroleum 
residues enjoyed a wide popularity, but for extra-high- 
voltage joints it was more usual to employ oil and rosin 
compounds similar to those used in cables. 


DEALING with the newer processes of rustproofing 
in an article in the Iron Age, Mr. H. R. Simmonds says 
that where parts are too big for tanks a process known 
as sprayed Bonderite is being successfully used. For 
this a solution of zine phosphate is sprayed by air pressure 
on to steel. Afterwards, a further spraying with hot water 
containing chromic acid is used for i The acid 
counteracts alkalis in the water. The Granode process 
uses alternating current to deposit zinc phosphate on 
steel. Direct current would plate zine. The Cromodizing 
process applies a thin coating or film of iron chromate 
much as the phosphate coating is applied in Bonderizing. 
The cost is reported as about 10c. per 100 square feet of 
surface, and the film is more ductile than the phosphate 
film. . Zine-mercury plating as developed by duPont is 
now extensively used. It makes use of standard electro- 
galvanising equipment and solutions, except that the 
anodes contain from 1 to 2 per cent. of mercury. The 
methods of protecting steel against corrosion usually 
include two or more of the steps described, and paint or 
lacquer often constitutes the final surface. Lithopone 
applied to galvanised iron chemically reacts with the 
zine to form a hard impervious surface to which paint 
will firmly adhere and with which paint will not react. 
Bright zine plating is now popular, but from a strictly 
rustproof point of view it offers nothing over regular 
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Air and Water. 





A TEMPORARY base is being prepared at Southampton 
Water from which Imperial Airways will operate the new 
Empire flying boat services. 

ACCORDING to reports the Australian Navy is. to have 
a new destroyer flotiila, the units of which are to be con- 
structed in Australian shipyards. 


Tue air base at Dhibban in Iraq, being built at a cost 
of nearly 14 million pounds, is to be used by the Royal 
Air Force in place of stations to be vacated under the 
treaty with Iraq. 

A TyPE of liquid-cooled aero engine new to this country 
—the Lorraine water-cooled in-line engine—is to be 
manufactured at Coventry. It is understood that among 
the engines to be made will be a new 1200 H.-P. unit. 


THE Canadian Government has purchased the two 
British destroyers “‘ Cygnet ”’ and “Crescent” to take 
the place of the two obsolete ships ‘“‘ Champlain ’’ and 
** Vancouver.” The “ Cygnet” and “Crescent” each 
have a displacement of 1375 tons and a speed of 35 knots. 


In a recent paper read before the Institute of Marine 
Engineers at Swansea, Mr. H. L. Pirie advocated the 
construction of an experimental coal-burning ship designed 
by a shipowner, naval architect, marine engineer, coal 
producer, port authority, and a coal supplier in conjunc- 
tion. 

It is reported that the Pacific Steam Navigation 
Company, Ltd., intends to recondition the liner ‘‘Oropesa ” 
and place her in service again. This ship, of 14,075 gross 
tons, has been lying at Dartmouth for the past six years. 
and her reconditioning and modernisation will provide a 
considerable amount of work. 


Tae Air Ministry has placed an order for a number 
of Miles “‘ Hawk Trainer” and “‘ Nighthawk ”’ machines 
for training purposes. The “ Nighthawk ” is a low-wing 
monoplane fitted with a “‘ Gipsy Six ’’ 200 H.P. engine, 
and is intended for instruction in blind flying. The 
‘“* Hawk Trainer ” is a development of the Hawk “ Major ” 
and has two open cockpits. 


Ir is announced that the Blue Funnel Line, Imperial 
Airways, Ltd., and the Straits Steamship Company, 
Ltd., of Singapore, are to be jointly responsible for the 
operation of an air service in the Malay Peninsula. The 
service will commence as @ small venture to meet local 
requirements, but is expected to develop in view of the 
demand for quicker transport in the Peninsula. 


Durine the year ending March 3lst, 1925, Imperial 
Airways’ machines flew 853,042 miles and carried 11,395 
passengers and 212,380 letters, the figure for, traffic ton- 
miles being 391,032. In the last twelve-monthly period for 
which figures are available, up to March 31st this year, the 
figures are as follows :—Miles flown, 4,560,718 ; passengers 
earried, 68,372; letters carried, 30,997,575; traffic ton- 
miles, 4,803,427. 

Wuart is stated to be the largest tin dredger yet con- 
structed is now being built at the Werf Conrad for the 
N.V. Gemeenschappelijke Mijnbouw Mij. It is 443ft. 
in length and has a maximum dredging depth of 95ft. 
The total power installed is 2150 H.P., and the bucket 
capacity is 14 cubic feet. The vessel is of the non-pro- 
pelling type, but is equipped electrically, the current 
ing generated by oil engine-driven dynamos. 
ParticuLars of the new 28,000-ton motor liner which 
has been ordered by the Swedish American Line from 
Cantieri Riuniti dell’ Adriatico Trieste are given by the 
Motor Ship. The new ship, which will go into service 
in the summer of 1938, will be 625ft. long, 82ft. 4in. 
broad on the water line, and have a speed of 19 knots. 
The three propelling engines will be of the C R A-Sulzer 
two-stroke, single-acting type, with ten cylinders, the total 
output being 22,000 I.H.P. 


PRELIMINARY work is in hand in connection with the 
site of the seaplane base which will be used at Durban, 
South Africa, by the flying boats of the new Empire air 
mail service. The Assistant-Port-Captain (Flying), 
who has just been appointed to devote himself to this 
preliminary work, is Captain N. R. Cook, who was formerly 
air station supervisor at Windhoek. Discussions are 
now taking place as to the establishment of the seaplane 
station at Allahabad for the use of the Empire fiying 
boats, the proposal being for the acquisition of a base near 
the Jumna bank. 

Rattway Arik SERVICES announce that for the second 
year in succession they have been awarded the contract 
for the carriage of mails from London to Glasgow vid 
Liverpool and Belfast. This route, which has been operated 
without interruption since 1934, provides a mail service 
which has enabled the postal authorities to effect a con- 
siderable reduction of time in the transmission of mails, 
while passenger traffic over the route has shown a pro- 
ive increase. Plans for the further development of 
British internal air services are now being considered by 
Railway Air Services for next year. Since the inaugura- 
tion of their network of air routes, Railway Air Services 
will by the end of this year have flown nearly 2,000,000 
miles, the yearly increase in passenger traffic being in 
the neighbourhood of 100 per cent.—on some routes as 
much as 300 per cent. 


A NEw hangar has just been completed at the Karachi 
airport. Impending developments in long-distance air 
transport now lead officials at Karachi to believe that in 
the near future there may be as many as fifteen eastward 
and fifteen westward services passing through Karachi 
every week. In the lay-out of the administrative buildings 
of the new airport the ground floor is to contain the offices 
of the chief aerodrome officer and his assistants, the 
Customs Department, and the post and telegraph offices. 
Each of the operating companies will have their offices 
on the ground floor, and there will also be waiting-rooms 
and a restaurant on this floor. All the ground-floor 
offices will open into a spacious central hall. On the 
first floor are to be the wireless room and the meteoro- 
logical office, while dominating the terminal block will 
be the control tower, from which the aerodrome officials 
will not only be able to sight incoming ’planes, but will 
also have an unobstructed view across the landing ground. 








sections owing to the number of cross roads. 





cyanide zine plating. 
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THE AIR RESISTANCE OF TRAINS. 


On Friday evening of last week Mr. F. C. Johan- 
sen of the L.M.S. Engineering Research Depart- 
ment, Derby, presented before the Institution of 
Mechanical Engineers a paper entitled “The Air 
Resistance of Passenger Trains.” The experi- 
ments described were carried out in a 7ft. wind 
tunnel at the National Physical Laboratory and 
were conducted at the cost of the London, Midland 
and Scottish, the London. and North-Eastern, 
and the Southern Railways. The models tested 
represented locomotives and coaches belonging 
to the first and second-named companies, and 
were for the most part made to a scale of one- 
fortieth full size. The object of the research was 
to determine the air resistance of a modern 
passenger steam train and to compare it with 
what it would be if certain modifications were 
adopted. Those modifications were of three 
orders. In one the ends of the train were faired, 
the gaps between the vehicles were closed or 
shielded, and other relatively minor changes were 
made which left the design of the vehicles sub- 
stantially unchanged. The second order repre- 
sented a more advanced degree of modification. 
It covered such steps as smoothing the coach 
bodies and enclosing the undercarriages, but the 
modifications made were still such as to leave the 
present basis of design and construction materially 
unaltered. The third order covered an extreme 
degree of modification consisting of an idealised 
tram form in which everything possible was 
adopted which would reduce the air resistance 
regardless of whether the modifications could be 
given effect to in practice. In this order the 
engine and coaches were little more than plain 
rectangular-sectioned blocks with small wheel 
sectors projecting beneath them and with various 
forms of fairing at the nose of the locomotive and 
behind the last coach. The experiments were 
carried out with the models aligned parallel with 
the axis of the wind tunnel—representing calm 
weather or a head wind—and with the models 
inclined diagonally across the tunnel at angles up 


in real life when the wind is not parallel with the 
track. Two facts concerning the experimental 
arrangements fall to be noted. In the first place 
the speed of the wind in the tunnel could be varied 
from 25ft. per second up to nearly 90ft. per second. 
In some cases however the second-named value 
could not be used. For example, with the model 
train inclined at 30 deg. to the tunnel axis wind 

ds in excess of 55ft. per second caused the 
model and the measuring equipment attached to 
it to deflect unduly. It will be recognised that the 
range of wind speeds—l7 to 61 m.p.h.—is the 
same as that prevailing for the speeds of ordinary 
full-scale trains. Secondly the influence of the 
permanent way on the air resistance of a train was 
simulated in the model tests by means of a flat 
smooth plate fixed inside the tunnel below, but 
clear of, the mode). An alternative method, 
adopted in similar experiments elsewhere, of repre- 
senting the track by an endless belt carrying 
model sleepers, chairs &c., and driven to travel 
at various speeds, was not employed on the score 


7| of expense. The train model was supported clear 


of the plate on a long bar running down the centre 
of the coaches and locomotive. The engine or 
any one or more of the coaches could, when 
desired, be uncoupled from the bar and connected 
to the plate. In such a condition the force trans- 
mitted through the bar to the weighing apparatus 
would represent the air resistance of those elements 
of the model train which were coupled to the bar. 
In this way it was possible to determine the air 
resistance contributed to the total by each element 
of the train while such element was occupying 
its proper place in the make-up of the train. 

These brief particulars will serve to explain the 
nature of the research described by Mr. Johansen. 
As for the results obtained we may perhaps sum- 
marise them by saying that, if we can accept them 
as accurate, they completely demonstrate the 
large amount of power lost by the wind resistance 
of trains travelling at high speeds and the very 
considerable saving which is to be obtained 
by the adoption of “ streamlining.”’ For instance 
Mr. Johansen finds that at speeds above 80 m.p.b. 
more than half the total resistance of a train is 
contributed by the air resistance. This air resist- 
ance, he says, can be reduced by 50 per cent. 
without drastic departures from conventional 
design and by 75 per cent. by ideal streamlining. 
At speeds of 100 m.p.h. the possible economy to 
be achieved by the reduction of air resistance 
is in the neighbourhood of £1 per hour. Contrary 
to what has commonly been believed previously, 
streamlining is more effective as a means of 
reducing air resistance in a side wind than when 
the wind is parallel with the track. The worst 
natural wind is not directly ahead but inclined 
between 30 deg. and 60 deg. on either side of the 
ahead direction. Very little of the total air 
resistance of a train, it is found, is caused by the 
gaps between the coaches “but a “surprisingly 
large’ part is contributed by the bogies and 
undercarriage structure of the coaches. The more 
a train is streamlined the greater will be the 
reduction of the air resistance achieved by fairing 
the tail end of the train but more advantage, Mr. 
Johansen says, accrues from fairing the front end 
than by fairing the tail. A conventional locomo- 
tive hauling a six-coach train contributes, it is 
found, between 30 and 40 per cent. of the total 
air resistance. If the smoke-box front is rounded 
and if the tender is covered to bring its contour 
into conformity with that of the train as a whole 
the air resistance of the locomotive can be reduced 
by 25 per cent. Finally, Mr. Johansen reaches 
the general conclusion that the full benefit of 
measures for the reduction of air resistance can 
be obtained only if the locomotive and all the 
coaches are streamlined. If the engine alone is 
streamlined the air resistance of the coaches may 
actually be greater than it would be if they were 
hauled by a non-streamlined engine although 
not necessarily to such an extent as to outweigh 
the advantage of streamlining the locomotive. 

At present there are many divisions of technical 
opinion concerning the merits and practical 
advantages of streamlined engines and _ trains. 
There are those who believe that it results in a 
solid profit and who are prepared to name at 
least an approximate figure for the financial 
benefit which it secures. At the other extreme 
there are not a few who see in it a good * ‘ selling 
point ” and little more. The blessed word “ stream- 
lined,” they argue, is popular at present with the 
public in many diverse, and sometimes ridiculous, 
associations. It seems to connote modernity 
and therefore efficiency and has a strong advertising 


which it may possess. The views of these sceptics 
are certainly supported in some measure by sundry 
locomotives and trains the alleged streamlining 
of which consists very largely of gracefully flowing 
lines painted on their sides or of similar futile 


embellishments. The great body of engineers 
may probably feel, as we do, that the case for 
streamlining engines and trains has not yet been 
developed to a stage at which a decided opinion 
one way or the other can be expressed. Even 
Mr. Johansen with all his care and ingenuity has 
not put the matter beyond question. Elaborate 
and painstaking as were his experiments we find 
it difficult to accept the results of tests with 
tiny models as truly indicative of the air 
resistance of a full-sized train running on a 
full-sized track. A model aeroplane may justifi- 
ably be tested in a wind tunnel, or a model 
ship in a tank because in each case the model, if 
its dimensions are small relatively to those of 
the tunnel or tank, may be regarded as being con- 
ditioned by its surroundings in a manner com- 
pletely similar to the full-scale object which it 
represents. In the case of a train even a fortieth 
scale model when angled across a wind tunnel 
cannot be said to be small relatively to the dimen- 
sions of the tunnel. Interference between the 
model and the walls of the tunnel if present would 
upset the validity of the measured results and in 
any event presents a condition affecting the 
model which is not found in the full scale. The 
track is a second factor introducing dissimilarity 
of conditions. It is indeed difficult to accept a 
smooth plate stationary with respect to the engine 
and train as in any way a satisfactory substitute 
for the rails, chairs, sleepers and ballast over 
which the full-scale train moves. The nature of 
the track surface must play a part in determining 
the air resistance of a train passing over it and 
until the magnitude of that part has been clearly 
established we are not justified in assuming that 
it is small. Further, anticipating our immediately 
succeeding remarks, we would like to emphasise 
the point that we know next to nothing at present 

regarding the “scale effect’ factor as applied to 
railway tracks. We have no grounds for supposing 
that in passing from the model to the full scale 
we can follow the same scale effect law for a rugged 
bed as for a smooth plate. 

Setting aside these differences between the model 
and full-scale conditions we have to consider the 
general effect of scale on the experimental results. 
From this point of view we find particularly great 
difficulty in accepting Mr. Johansen’s figures as being 
applicable to full-sized trains. The measurements 
made on a one-fortieth model in a wind blowing 
at 60 m.p.h. are, by the law of dynamical similarity, 
strictly applicable to a full-sized train travelling 
at 14 m.p.h. In certain of the experiments in 
which Mr. Johansen was restricted to a maximum 
wind velocity of 55ft. per second the equivalent 
full-scale speed is less than 1 m.p.h. From these 
low experimental points the results are extra- 
polated to full-scale speeds of from 60 to 150 m.p.h. 
Furthermore since the curves are plotted on a 
logarithmic base the few low values which 
were experimentally determined are, like the 
divisions at the left-hand end of a slide rule, 
made to occupy much more than their just 
share of the length of the whole diagram. 
Logarithmic plotting has its own particular uses 
but when, as in ‘this case, its employment 
exaggerates the range of the experimental field 
relatively to that of the field which it is desired 
to cover by extrapolation it can quite easily prove 
itself a treacherous ally. It is true that Mr. 
Johansen did not sketch in the trend of the extra- 
polated part of his curve by relying solely on the 
trend of a curve drawn through his experi- 
mental points. He called to his aid a guiding line 
derived from the work of other experimenters 
in a somewhat different field. He argued that 
the pressure on the front of the train and the 
suction on its rear were not subject to scale effect 
and that the only element giving rise to such 
effect was the skin friction between the wind and 
the sides of the model. Having made that assump- 
tion he next assumed that the skin friction for 
his model train, in its idealised form, would be 
identical with the skin friction of a smooth plane 
surface immersed with its length parallel to the 
direction of flow of a turbulent fluid. An “ accept- 
able ” curve for the skin friction of such a smooth 
surface, extending over the whole range of full- 
scale speeds in which Mr. Johansen was interested, 
was available. Laying it down on his diagram he 
found more or less clearly that the smooth 
curve drawn through his experimental points was 








to 30 deg.—representing conditions encountered 





value quite ‘apart from any technical advantage 





substantially parallel to this “ acceptable ” skin 
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discharged from the cooling system. Another 
important practical point concerns the ventila- 
tion of the passenger quarters in a streamlined 
train. If the windows—or even a few of them— 
are left open much of the benefit derived from the 
streamlining of the coaches is likely to be destroyed. 
Even some patented ventilators have been known 
to add appreciably to the fuel bill of a train. 
Is the alternative a hermetically sealed train 


friction curve. He therefore concluded that the 
extrapolated portion of his curve would also be 
parallel throughout its whole length with the skin 
friction curve. This procedure seems to us to 
invite criticism at more than one point. 

We need make no apology for concentrating 
on these aspects of Mr. Johansen’s paper with 
which we have dealt above. They are funda- 
mental factors on which all the deductions and 
numerical values arising from the investigation | carrying an air-conditioning plant? If it is then 
depend in a critical degree. In our opinion they do | the debit side of streamlining, on which already 
not provide a wholly acceptable basis for evaluating | there are several entries, will be augmented 
the air resistance of a full-sized passenger train. Nor | possibly to an extent which will wipe out the 
can we accept without much further proof the | credit side. These and other purely practical 
purely qualitative aspects of the research. It | considerations indicate that even if we knew 
was stated during the discussion on the paper that everything there is to know concerning the 
whether the figures given for the air resistance of | scientific aspects of streamlining we would still 
full-sized trains were sound or otherwise, the com- | be in doubt as to its advantages. 
parative effects of modifications in the model | 
would be applicable to corresponding modifica- 
tions on the full scale. Some acquaintanceship | 
with the results of general aerodynamical research | THE destruction of the Crystal Palace by fire 
teaches us to regard this assertion with a certain | on Monday night removed a Victorian monument 
amount of doubt. It cannot be said, as a/| which in its best days played an important part 
general proposition, that a modification which | in the progress of engineering. In itself it was an 
reduces the air resistance of a model is bound to /| engineering structure of great technical interest, 
be beneficial on the full scale. There is much | built at a time when the knowledge of stresses was 
evidence to show that as the dimensions of a body | less absolute than at present and with materials 
are increased, the same proportions being pre- | which have shown their fitness by long existence 
served throughout, the drag, or air resistance, | rather than by such inherent qualities as would be 
varies in a@ manner which cannot be predicted | sought for to-day. It was, in fact, a very remark- 
from a knowledge of the trend of the curve at the | able example of the scalar magnification of a not 
start. Depending upon the form of the body | very abnormal type of building. Its designer, Sir 
the drag, as the scale is increased, may increase, | Joseph Paxton, had acquired all his knowledge of 
decrease or exhibit defined turning points. If | the design of such structures by the making of green- 
then a certain alteration of shape is found by | houses at Chatsworth, and it was with extreme 
small-scale experiment to reduce the air resistance | boldness that he passed from limited dimensions to 
there is no assurance that it will reduce the resist- | the vast proportions required to contain the greatest 
ance on a larger scale: it may even reverse its | exhibition the world had ever seen. We need not 
effect and increase the resistance. These remarks | recall the encomiums showered upon it from far 








The Crystal Palace. 


are true of aerodynamically simple bodies such 
as spheres, cylinders and aerofoils. They can 
hardly, excluding the miraculous, be less true in 


| and near, nor quote the sounding Victorian phrases 
in which it was described. As originally built for the 
Exhibition of 1851, it was 1850ft to 1851ft. in 





the case of such an aerodynamically complicated | length, 72ft. wide, rising to 64ft. above the surface. 
body as a train. An example of the effect of | A barrel transept, 408ft. long, with a wagon vault 


change of size was actually mentioned by Sir | crossed the great nave at the centre. “ Its general | 





Nigel Gresley in his interesting introduction to 
the discussion on Mr. Johansen’s paper. 
experiments designed to discover the best means 


of lifting the smoke of a locomotive clear of the | 
cab had been found, Sir Nigel said, very mis- | 


leading, particularly in a side wind. A certain 


arrangement which gave satisfactory results on | 
| (We do not hold ourselves responsible for the opinions of our correspondents.) 


the model scale had, on the full scale. caused the 
smoke to beat down on the cab. 

In spite of Mr. Johansen’s investigation and 
of the considerable amount of work of the same 
nature which has been done by others, we feel 
that the technical merits of streamlining as 
applied to passenger trains have yet to be estab- 
lished on an unassailable basis. We are still 
largely ignorant concerning the financial saving 
to be expected by the adoption of streamlining 
and at what speed it becomes advantageous 
to resort to it. One practical aspect of the subject 
which has scarcely been considered arises in 
connection with the fact that, in this country at 
any rate, trains, such as the “Silver Jubilee,” 
maintain a high average speed because of their 
accelerated hill-climbing velocity rather than 
because they can travel quickly down hill or 
on the level. To increase the speed up a bank 
from say 35 to 55 m.p.h. is of much more con- 
sequence in maintaining a high average speed 
than is an increase of speed down hill from say 
60 to 80 m.p.h. To what extent if any does stream- 
lining diminish the call for power on the engine 
when a train is travelling up a bank at 55 m-p.h. ? 
If it is by an insignificant amount is it worth 
while adopting streamlining in order to decrease 
the power demand when the train is travelling 
down hill or even on the level? Other wholly 
practical points deserve discussion apart from 
the scientific aspects of streamline. research. 
Is it possible completely to streamline a train 
including the enclosure of the undercarriages and 
bogies without incurring the risk of hot axle- 
boxes? Sir Nigel Gresley and some others 
expressed doubt on this point but yet others 
were quite confident that the risk could be avoided. 
It was suggested that by a suitable arrangement 
of parts the axle-boxes could be cooled by direct- 
ing a blast of air against them. A similar problem 
exists in connection with aero-engines. The 


latest development in that field seems to promise 
that not only will the engines be cooled efficiently 
without adding greatly to the head resistance 
but that it will be possible to recover a useful 
amount of propulsive power from the hot air 


Model | 


construction,’ said an account written ten years 
or so later, “ might be described as a cancellated 
rectangular combination of columns and girders of 
cast iron, braced at intervals by diagonal wrought 
iron stay bars in vertical planes attached to both— 
the columns varying in height from 16 to 19 feet or 
thereabouts, and the girders or trusses all upon the 
trellis arrangement—being either 24, 48, or 72 feet 
long.” Long after it was removed from Hyde 
Park to Sydenham, where the famous towers were 
added and many other alterations, including a 
great increase in dimensions, made, it remained 
amongst the Seven Wonders of the World and was 
the Mecca of all good Victorian children and of 
visitors from all parts of the world. 

Its connection with engineering began from the 
first, for it held a very wonderful display of 
machinery in 1851. There is little or no doubt that 
that demonstration of the ability, inventiveness, 
and skill of British engineers and mechanics 
brought about an international recognition which 
had incalculable effects upon the progress of the 
British engineering industry. Again, many years 
later, in January, 1892, the Crystal Palace was the 
scene of an exhibition—the Electrical Exhibition— 
which marked the beginning of a new era—that of 
electric lighting. A smaller matter, but one of 
personal interest to us, is that in 1897 tests of 
motor vehicles originated by this journal were 
carried out in the grounds of the Palace. Several 
other technical exhibitions, amongst which may 
be mentioned the first Aeronautical show in this 
country if not in the world in the late ’sixties, were 
held there, but despite great efforts it failed in recent 
years to induce promoters to favour it. But amongst 
older engineers it will always be remembered kindly 
asa great engineering structure, the “ blazing arch 
of lucid glass ’’ which held the display in 1851, 
and the appropriate place in which electric light- 
ing was brought before the public; and it is still 
the home of the well-known engineering school, 
fortunately not affected by the fire. We desire to 
extend our sympathy to all those who throughout 
many years preserved the Palace from the hands 
of the house-breaker and who now see it reduced 
to nought. 








Letters to 
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| RAILWAY ELECTRIFICATION. 


Sm,—In dealing with the economies of suburban 
railway electrification, I consider that the mere publica- 
tion of figures showing large increases in the number of 
passengers carried subsequent to the conversion is mis- 
leading, inasmuch as the tacit assumption.is made that 
no corresponding improvement could have resulted under 
steam operation. For instance, Mr. E. C. Cox, in his 
informative paper dealing with Southern Railway elec- 
trification, produces figures which show that since elec- 
trification the passengers using the three suburban 
stations Welling, Bexleyheath, and Sidcup have increased 
in numbers from 1,097,393 in 1925 to 3,656,239 in 1935, 
but I venture to state that in the London area there are 
steam-operated services which have experienced equally 
satisfactory results. 

As an example, it is of interest to note that between 
1921 and 1935 the number of passenger tickets issued 
at Welwyn Garden City on the L.N.E.R. increased 
from 18,859 to 396,379, which goes to prove that the 
form of traction employed makes very little difference 
if the services provided are convenient and up to date. 

The steam services on the Southern suburban lines 
were notoriously slow and inadequate; but even so, 
I think it is hardly fair to credit the whole of the improved 
passenger receipts to electrification. 

Your correspondent ‘“ Selec ”’ writes that at the last 
annual meeting of the Southern, it was stated by the 
chairman that the average return on electrification was 
in. the neighbourhood of 8} per cent. This figure, how- 
ever, is obtained by expressing the whole of the increased 
takings of the lines as a percentage of the capital expendi- 
ture incurred on electrification, and not on the total capital 
invested in the electrified sections. If the returns are 
calculated on the latter basis it is highly probable that 
little, if any, advantage will be shown over steam-operated 
suburban services. 

Such a conclusion appears reasonable when the table 
given on page 88 of the July 24th issue of Toe ENGINEER 
is studied, for here it is shown that the ratio of the total 
expenditure plus interest charges to gross receipts for 
the period 1933-1934 is practically the same for the four 
British railway systems. The Southern certainly possesses 
a very slight advantage over the other three, but this is 
almost certainly due to the fact that it has not suffered 
from the effects of the great depression to the same extent. 

Indeed, it is not unlikely that had the Southern 
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modernised its antiquated steam suburban trains and 
carried out no electrification whatsoever, it would have 
been able to show the same, or perhaps even a better, 
balance sheet than is the case to-day. 

My point that there is a marked reticence on the part 
of the Southern Railway to submit vital electrification 
statistics is supported by Mr. BE. C. Cox in the paper to 
which I have already referred. 

In the reprint of this paper appearing in the November 
13th issue of Tae ENGINEER, descriptions of train services 
and traffic developments occupy three columns of space, 
whilst finance has approximately twenty lines devoted 
to it.* Admittedly, the author states that an increase 
in net receipts of £1,890,000 has followed on the electrifica- 
tion of the suburban and South Coast lines, but since 
no deduction or allowance for interest on capital has been 
made the figure does not represent the true net return 
at all and, in consequence, possesses little significance. 

Again, your correspondent “ Selec’ asks my reasons 
for stating that electrification of the Southern London 
suburban lines has brought about the “lag” in mer- 
chandise and freight traffic clearly shown in the table 
published in Mr. K. H. Johnston’s letter. 

In reply, I would refer your correspondent once more 
to Mr. Cox’s paper in which he will find this subject 
discussed and more than a hint that the meeting of freight 
traffic requirements is a matter of some difficulty in the 
electrified zones. Both Mr. Johnston and “ Selec” 
consider the solution to lie in working freight trains 
by night, but Mr. Cox says definitely that it ‘‘ would not 
be practicable to confine the running of goods trains 
to the night period when electric trains have ceased 
running.” 

Suppose that a route is saturated with electric passenger 
trains and steam-operated freight trains, and then an 
improvement in trade occurs necessitating the working 
of more freight trains over the road. What is going to 
happen ? 

I do not intend dealing here with Mr. Johnston's 
remarks on the question of future potential improve- 
ments in steam locomotive design, but refer him to the 
last of the trio of articles on “‘ Main Line Electrification 
Abroad” (Tur ENGIneerR, July 3lst, 1936, pages 114 


* [To avoid the possibility of misconception it seems desirable 
to say here that whilst approximately one-half of Mr. Cox’s 
paper was omitted in our reprint, the portions to which Mr. 
Richardson refers were printed in full. En. the E.]. 
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and 115), where several instances are given which show 
how developments in steam locomotive technique have 
caused the abandonment of electrification proposals. 

Finally, in dealing with the question of atmospheric 
pollution, may I ask Mr. Johnston how electrification of 
railways will solve the smoke problem as long as electrical 
energy is generated from steam which is raised in coal- 
fired boilers ? In Newcastle-on-Tyne, for instance, one 
of the most notorious local offenders has been the chimney 
of the Manors power station belonging to the Corporation. 

It would be much more to the point to persuade the 
householder who is “responsible for most of the soot 
and grime to substitute gas, coke, or electricity for raw 
coal in his home and leave the railways to work out their 
own salvation. 

After having expressed my disagreement with Mr. 
Johnston on so many points, it is pleasing to find that at 
least we are as one with regard to the advisability of an 
official and unbiassed inquiry into the whole question of 
railway electrification. 

I regard the Weir report as suspect inasmuch as Lord 
Weir was also Chairman of the Committee which brought 
into being the Electrical Commissioners, the Central 
Electricity Board, and ‘‘ Government ” electricity. What 
I would like to see report on the present condition of the 
railways is a tribunal formed of all the best business and 
technical brains of the Kingdom, one that would hold the 
seales equitably as between electricity and other forms 
of transport. We should then perhaps be able to ascertain 
how the modern steam locomotive stands with regard 
to its (at present) favoured rival, the electric tractor. 

B. RicHarpson. 

Newcastle-upon-Tyne, November 25th. 


PREDICTING EARTHQUAKES AND AURORAS. 


Sir,—Referring to my letter published in your issue of 
August 28th, and your leading article thereon, the time 
has arrived to report progress. I welcomed your article 
as a recognition of the general suspicion about the present 
state of physical science, and have no complaint about 
your recital of various hypotheses as to my motives for 
issuing predictions without explanations, and as to my 
possible eccentricities, except that you did not credit me 
with the simple motive of desiring to reduce the loss of 
life by earthquakes as soon as possible. It averages about 
25,000 per annum. I am not an astrologer, nor a mystic. 
None of my work is based upon blind mathematical 
analysis of statistics to discover harmonic periods, although 
| was a pupil of the most ardent advocate of that course 
in recent times—the late Karl Pearson. In every case I 
have found the definite physical cause in the dozens of 
problems I claim to have solved. 

My letter predicted an earthquake stress peak about 
November Ist with Class 3 quakes within ten days before 
or after that date, and smaller shocks earlier in October. 
Here is the record of results :—October 14th, Honduras ; 
October 18th, North Italy ; October 20th, undersea near 
Java; October 22nd and 23rd, Alaska, Seward, and 
Kenai Peninsular; October 26th, Tokio and Yokohama 
(slight) ; October 29th, Los Angeles (slight) ; November 
2nd, Tokio and all Eastern Japan, with epicentre undersea 
off Fukushima, 150 miles N,.E. of Tokio; November 11th, 
California, Pittsburgh (slight). It was fortunate that the 
Alaska affair was in a sparsely populated area and that the 
Fukushima case was mainly undersea. My prediction 
mentioned that the events of this group were not expected 
to be as severe as the events of China and India last May. 
The result was so. As a first public prediction of earth- 
quakes long in advance, I submit that this record is a 
great success. It might have put the centre of the stress 
period a few days earlier, but that is a trifle compared 
with the main fact that the group of earthquakes came. 

Conditions which have produced some of the most 
disastrous earthquakes on record will recur in the early 
nineteen forties, and it is to be hoped that the world will 
understand the problem in ample time to cope with it. 
It largely depends upon editors of scientific journals and 
the daily Press to spread the news of successful predictions. 
The earthquake programme for 1937 is as follows :—The 
longest and strongest stress period will come between 
April 5th and July 10th, within which Class 1 quakes may 
occur at any date. From April 20th to July Ist Class 2 
quakes may come, and from May 15th to June 10th there 
may be Class 3 quakes. 

The period ranking second in importance will be from 
October 20th to December 10th for Class 1, November Ist 
to 30th for Class 2, and November 10th to 20th for Class 3 
(if any). Minor stresses producing Class 1 and perhaps 
Class 2 quakes will come in the last week in January, 
between February 25th and March 5th and between July 
25th and August 5th. The time of day question is being 
studied with a hope of stating that twelve or fourteen 
hours will be free from risk of the worst shocks, and of 
specifying in which hours they will occur in any predicted 
stress period. The study is not sufficiently mature yet for 
publication. There are many occasions when two quakes 
occur simultaneously at points 100 deg. to 120 deg. of 
longitude apart. Such cases make the range of danger 
time eight hours plus a margin. It may be found possible 
to identify these double event cases in advance and specify 
accordingly. 

To complete my study of terrestrial magnetism I wish 
to examine declination magnetograms covering two con- 
secutive years’ records, but so far my request for a reason- 
able opportunity to do that, even in a Government office, 
has been flatly refused, and I have only been offered the 
alternative of paying a heavy charge for duplicating the 
record. I do not intend to condone this example of official 
obstruction to scientific progress, so that item in my pro- 








gramme may be delayed. I decline to pay for the privilege 
of solving problems that the official scientists of all 
countries have failed to solve after over sixty years of 
work at the public expense. The history of science has 
many examples of similar obstruction to research workers. 
Three “ scientific *’ editors refused to publish my earth- 
quake prediction. It remains to be seen what attitude they 
will assume since the prediction has come true. 

Perhaps someone will have the courtesy to lend me a set 
of magnetograms covering the years 1920 and 1921 or 
1925 and 1926. Maybe the pressure of public opinion will 
induce the parties referred to in the foregoing remarks to 
change their minds. 

You said in your article that I‘played a high stake. 
Quite so. Who won? 

Epaar C. Trrupp, A.M. Inst. C.E., M.E.1.C. 

Vancouver, November 14th. 


{It rests, it seems to us, with seismologists to say whether 
the earthquakes listed by Mr. Thrupp constitute excep- 
tional occurrences or whether they can be classed as events 
which might normally have been expected from the opera- 
tion of the law of probability. In any case Mr. Thrupp’s 
stake was a twofold one. He also forecast the occurrence 
of auroras and magnetic storms during the periods August 
30th-September 7th and November 11th—26th. Nothing 
exceptional under this heading has been reported to us.— 
Ep. THE E.] 


COAL CONSUMPTION AND GENERATION OF 
ELECTRICITY. 

Srr,—In your issue of October 30th, 1936, ‘‘ Research 
into Special Steels ”’ is reported on page 465 and the follow- 
ing words occur : 

“If we had to generate the estimated output for the 
present year of 20,000 million units at the coal consumption 
which obtained ten years ago, our coal bill for this year 
computed at present prices of coal would be increased by 
£775,000 per annum over 1925. This is a very big figure.” 

It is certainly a ‘“‘ very big figure,’ but 1 suggest that 
it should actually be ten times bigger according to the 
available statistics. 

If we take the average coal consumption per unit 
generated in 1925 at the figure given of 2-53 lb. and the 
figure for 1935 of 1-54 lb., there is a saving of 0-99 lb. per 
unit. If we multiply this by the 20,000 million units we 
get 9,000,000 tons, and taking coal at an average cost of 
17s. 6d. per ton, we arrive at a figure of £7,750,000 instead 
of £775,000. 

I believe these improved efficiencies have been obtained 
progressively year by year since 1925, and the total saving 
over the ten years must therefore be something in excess 
of 24 million tons of coal. 

These are really ‘‘ large figures,” and I hope they will 
correct the wrong impression which may have been 
created in some minds by the extract given above. 

London, November 17th. Rospert H. Morean. 


Sir,—It appears desirable to clear up the misunder- 
standing which has arisen in connection with certain 
remarks which I made in my speech at the Conference 
on Steels for High Temperatures. I have referred to my 
notes and give below the correct version of what I stated 
at the lunch :— 

“ The average fuel consumption per unit generated was 
2-53 Ib. in 1925 and 1-54 Ib. in 1935, a total reduction in 
ten years of nearly 40 per cent. This average annual rate 
of reduction would represent a sum of £775,000 for the 
present year (on the basis of current coal prices) on an 
estimated output of 20,000 million units.” 

It will be seen from the attached statement that I 
applied the average rate of reduction which had obtained 
over the last ten years to the probable total output and 
fuel costs for the current year. 

I did not consider it wise to complicate the matter by 
applying this rate of reduction to previous years in which 
both outputs and fuel costs varied from year to year. 

The basis of calculation of the figure of £775,000 can he 
summarised as follows :-— 


Lb. per unit. 


Average coal consumption in 1925 2-53 
Average coal consumption in 1935 1-54 
Reduction in coal consumption in ter 
years 0-99 
0-099 


Average reduction per year . 
20,000,000,000 x 0-099 — 2240 = 885,000 tons. 
885,000 x 17s. 6d. + 20s. = £775,000. 

London, November 28th. S. L. Pearce. 

[We think it desirable to publish Mr. Morgan’s letter 
and Sir Leonard Pearce’s reply in order to correct an error 
in reporting for which we were responsible. If for “ per 
annum ” we read “ for the present year,”’ Mr. Morgan’s 
objection is answered.—Ep. Tae E.] 








SIXTY YEARS AGO. 


In a leading article in our issue of December 8th 1876 
we discussed the construction of submarine electric 
telegraph cables and the steps which might be taken 
to improve the economy of their operation. The necessity 
had already been felt of increasing the speed at which 
such cables could be worked. The speed of signalling, 
we pointed out was not, as was commonly believed, 
unlimited. For any given cable it was limited by three 
factors, the construction of the cable, the design of the 





transmitting and receiving instruments and the manipula - 
tive skill of the operators. If an attempt were made to 
exceed the limit determined by these factors the signals 
became indistinct, ran into ene another and were unread- 
able. So far as the instruments were concerned it was 
generally agreed, we said, that we could not look forward 
to any great improvement in them. Sir William Thomson’s 
siphon recorder the idea for which had come to him when, 
on one of his cable-laying voyages, he had accidentally 
noted the action of electricity on a stream of ink was, we 
said, one of the most ingenious and perfect pieces of 
mechanism which man had devised but even it was not 
sufficiently sensitive to record messages over the longer 
lines. The same inventor’s mirror instrument was how- 
ever available for use in such cases and possessed the 
requisite sensitivity although the signals transmitted 
had to be read directly from the flashing of a point of 
light and were not recorded as in the case of the siphon 
instrument. It appeared therefore that in order to 
improve the economical working of cables we would 
have to turn principal attention to improvements in the 
construction of the cables themselves. In an article in 
a subsequent issue we described an invention which, it 
was claimed, would enable the speed of operation of a 
Transatlantic cable to be doubled. The invention was 
that of Mr. Desmond G. Fitzgerald. We explained that 
the speed of signalling on a cable was inversely propor- 
tional to the square of its length. Hence if the Atlantic 
cable could be cut in half the speed through each half 
would be quadrupled and therefore if one half were 
joined up to the other electrically the speed of signalling 
over the whole cable could be doubled. We recorded the 
fact that some years previously a gentleman had proposed 
to sink a relay in an iron box halfway across the Atlantic 
but he had failed to get his idea adopted. It might we 
said one day be possible to devise a mid-Atlantic cable 
station, a scheme recently advanced by an “ enthusiastic 
nonentity,” but we would believe in the possibility 
only when we saw the “ nation’s airy navy.’ Meanwhile 
Mr. Fitzgerald’s invention commanded our attention. 
It consisted in brief of joining the two ends of the bisected 
cable by: means of a device comprising two concentric 
coils of equal length. Each cable end was to be joined 
to one end of a coil, the other end of which was to be 
connected to a platinum ring in contact with the earth. 
The transmission from one section of the cable to the 
other was to be made by induction between the two 
coils of the coupling device. We had witnessed experi- 
ments carried out by Mr. Fitzgerald and were impressed 
by their success. He had also invented an alternative 
method of even greater promise but concerning the 
details of which we were unable to say anything. With 
it however it would we said probably be possible to 
transmit as many as thirty or forty words a minute. 
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Year 1935. London: His Majesty’s Stationery Office, 
Adastral House, Kingsway, W.C.2. Price 2s. net. 

Power Station Electrical Equipment and Lay-out. By 
T. H. Carr. London: Draughtsman Publishing Company. 
Ltd., 96, St. George’s-square, S.W.1. Price 4s. net. 

The Alternating Current Circuit. Second edition. By 
P. Kemp, M.Sc. London: Sir Isaac Pitman, Sons, and 
Co., Ltd., Parker-street, W.C.2. Price 2s. 6d. net. 


By F. G. 


Press, 145 


Drainage and Sanitation. Fifth edition. By E. H. 
Blake, C.B.E., revised by W. R. Jenkins, B.Sc. London: B. 
T. Batsford, Ltd., 15, North Audley-street, W.1. Price 


15s. net. 


Accumulator Charging, Maintenance, and Repair. Fifth 
edition. By W. S. Ibbetson, B.Sc. London: Sir Isaac 
Pitman, Sons, and Co., Ltd., Parker-street, W.C.2. Price 


3s. 6d. net. 

Performance and Design of Alternating Current Machines. 
By M. G. Say, Ph.D., and E. N. Pink, B.Se. London: 
Sir Isaac Pitman and Sons, Ltd., Parker-street, W.C.2. 
Price 20s. net. 

Metallurgical Abstracts: Volume 2. Edited by G. 
Shaw Scott, M.Sc. London: Institute of Metals, 36, 
Victoria-street, S.W.1. Price £4 (inclusive of two “ Pro- 
ceedings ” volumes). 

An Elementary Treatise on Statically Indeterminate 
Stresses. Second edition. By J. I. Parcel and G. A. 
Maney. London: Chapman and Hall, Ltd., 11, Henrietta- 
street, W.C.2. Price 25s. net. 

Report of a Delegation of the Middlesex County Council 
on their Visit to Continental Technical Institutions. 
London: County Council of Middlesex, 10, Great George- 
street, S.W.1. Price not stated. 

Tungsten: A Treatise on its Metallurgy, Properties, 
and Applications. Second edition. By C. J. Smithells, 
M.C., D.Sc. London: Chapman and Hall, Ltd., 11, 
Henrietta-street, W.C.2. Price 25s. net. 

Building Construction. Part 2. Twelfth edition. By 
G. A. Mitchell, F.R.I.B.A., A. M. Mitchell, B.Se., and A. E. 
Holbrow, A.R.I.B.A. London: B. T. Batsford, Ltd., 15. 
North Audley-street, W.1. Price 12s. 6d. nef. 
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L.M.S. High-Speed Test Run. 


eats oe 


A* recorded in our “Journal” of November 20th, 
LX the London, Midland and Scottish Railway made 
experimental high-speed test journeys with a special 
train between London (Euston) and Glasgow (Central) 
on November 16th and 17th. 

The following notes on these remarkable runs have 
been sent to us by the railway company. 


During these trials, which were carried out to determine 
the potentialities of developing high-speed long-distance 
express services when using standard locomotive and 
coaching stock equipment, a total distance of 802-8 miles 
was covered, with an average load of 240 tons tare, at 
a mean average speed of 69 m.p.h. Apart from the world’s 
record so involved, and the hitherto unprecedented 
standards of performance set up over the famous West 
Coast Route to Scotland, the L.M.S. are confident that 
extremely valuable technical data have been secured. 

For the purpose of the trials an experimental schedule 
of six hours was laid down for the 401-4 miles from 
Euston to Glasgow and vice versd, non-stop in each direc- 
tion, and involving a booked average speed of 66-87 
m.p-h. In actual performance, notwithstanding the 
severe character of the gradients between Carnforth and 
Glasgow, and the fact that a total of some fifty speed 
restrictions were imposed in each direction, the test 
train considerably improved upon this experimental 
schedule. 

On the down run on Monday, November 16th, the 
train reached Glasgow 6} min. ahead of time in 353 min. 
38 sec. for the 401-4 miles (68-1 m.p.h.), while on the 
return journey the following day, despite the addition 





high maximum speeds, the schedule incorporated a general 
restriction of speed to 90 m.p.h., although in one or two 
short stretches this was slightly exceeded. Owing to the 
very high average speeds, it was considered desirable to 
impose additional speed restrictions of between 60 and 
75 m.p.h. at a number of points where speed is not 
normally restricted. These special restrictions, in addition 
to the normal service slacks for junctions and curves, 
and temporary slacks for engineering operations, bridge 
reconstructions, colliery subsidences, &c., brought the 
total number of speed restrictions applied up to approxi- 
mately fifty in each direction. 

It is interesting to note that the average booked speed 
of 66-87 m.p.h. for the non-stop test journeys compares 
with an overall average (including stops) of 51-8 m.p.h, 
by the down “ Royal Scot,’’ and of 54-1 m.p.h. by the 
up ‘*‘ Royal Scot’; the fastest regular journey time at 
present in force in either direction between London and 
Glasgow is at present 7h. 25 min., compared with the 
six hours schedule of the experimental journeys. 

As will be seen from the detailed particulars of the 
running, the outstanding features of the performance 
of the test train were, first, the high average speed and 
the exceptionally high speeds on the rising gradients, 
in conjunction with relatively low downhill maxima, 
and secondly, the extremely rapid acceleration from the 
various speed restrictions. 


THE Down JOURNEY. 


Favourable weather prevailed for the northbound 
journey of the test train on Monday, November 16th. 
After being severely slowed by two permanent way 
restrictions between Willesden Junction and Wembley, 
the train accelerated with such rapidity that it breasted 
the 74 miles rising at 1 in 339 from Wembley to Hatch 














ENGINE OF PRINCESS’ ELIZABETH CLASS 


of an [extra coach (making the tare tonnage 255 
instead of 225) and unfavourable weather conditions, 
the overall time from Glasgow (Central) to Euston was 
344 min. 15 sec. Thus, on the return journey the experi- 
mental schedule was improved upon by nearly 16 min. 
and the previous day’s performance by over 9 min., 
the overall average speed being 70 m.p.h. Bearing in 
mind the nature of the route north of Carnforth, these 
standards of performance are claimed to be unprecedented 
with steam traction. 


THE LOCOMOTIVE. 


The locomotive employed throughout the test was 
No. 6201 “* Princess Elizabeth,” a standard 4-6-2 (Class 
7) engine built at Crewe Works in 1933 to the designs 
of Mr. W. A. Stanier, chief mechanical engineer. Except 
for the addition of a speed recorder no special fittings 
were made to the engine for the tests; Grimesthorpe 
coal was burned throughout. This type of engine, which 
has a working steam pressure of 250 Ib. per square inch, 
is designed to be driven with a fully opened regulator in 
conjunction with an early cut-off; at no stage on the 
trial runs did the steam pressure fall below 220 lb., and 
was repeatedly at blowing-off point. The maximum 
cut-off used in the ascent of the Shap incline was 37 
per cent. going north, and 35 per cent. coming south ; 
otherwise the locomotive was worked on an average cut- 
off of 15—18 per cent. 

The engine crew comprised Driver T. J. Clarke and 
Fireman C. Fleet, of Crewe, with Passed Fireman A. 
Shaw, also of Crewe, as reserve engineman on the foot- 
plate. They were accompanied by Mr. R. A. Riddles, 
principal assistant to the chief mechanical engineer, who 
rode on the engine throughout. 

The coal consumption in the down direction was 
46-8 lb. per mile, and on the return trip 44-8 lb. per mile. 


THE TRAIN. 


The coaching stock used was of the latest standard 
L.M.S. design, the train being marshalled from the 
engine in the following order:—Dynamometer car, 
composite brake, corridor first, vestibule first, kitchen 
car, vestibule third, third brake; for the return journey 
an additional vestibule third was added next to the 
dynamometer car, raising the load from 225 to 255 tare 
tons. 

Accompanying the train were Messrs. E. J. H. Lemon 
and W. V. Wood (vice-presidents), W. K. Wallace (chief 


civil engineer), S. J. Symes (chief stores superintendent 
and acting chief mechanical engineer), 8. H. Fisher 
(assistant chief operating manager), D. C. Urie (superin- 
tendent of motive power), J. Purves (carriage and wagon 
assistant to C.M.E.), and other officials. 

Since the object of the experimental runs was to investi- 
gate the possibility of high average speeds rather than 





End at 73-5 m.p.h. The 14-3 miles ascent from Watford 
to Tring, culminating in 7 miles at 1 in 335, yielded no 
greater fall in speed than from 80-4 m.p.h. to 77 m.p.h.; 
on the corresponding descent to Leighton Buzzard 
speed was sustained for a mile at 95-7 m.p.h. before 
being reduced by brakes. Bletchley, 46-7 miles from 
the start, was thus passed in 40} min., and Roade (59-9 
miles) in slightly under 51 min., with a minimum speed 
of 77-6 m.p.h. on the 7 miles rise, mostly at 1 in 330, 
to this point. The climb from Weedon to the south 
end of the Kilsby Tunnel also yielded a similar minimum, 
and Rugby (824 miles) was passed in 68 min. 33 sec. 
The ensuing 75-5 miles from passing Rugby to passing 
Crewe (at greatly reduced speed in both cases), with 
two severe and several minor intermediate restrictions 
of speed) occupied 64 min. 19sec. only, with maxima 
of 90 mph. before Nuneaton, 90 near Armitage, and 
93-7 before slowing for Crewe. The 158-1 miles from 
Euston to passing Crewe were covered in 132 min. 52 sec., 
at an average speed of 71-4 m.p.h. On the favourable 
gradients between Crewe and Weaver Junction 95 m.p.h. 
was again reached, but between Weaver Junction and 
Preston the running was necessarily somewhat restrained 
in view of the number of speed restrictions ; the chief 
feature of note on this section was a minimum speed 
of 54 m.p.h. on the climb of nearly 2 miles at 1 in 104 
from Wigan (passed at 50 m.p.h.) to Boar’s Head. 

Preston, 209 miles from Euston, was passed at 20 
m.p.h. in 179} min. from the start, and over the generally 
level stretch from Oxheys to Lancaster the engine ran 
with such freedom as to average 83 m.p.h. for 12 miles 
over practically level track. 


Hiesw SPEED uP SHAP. 


Carnforth, 236-3 miles from the start, was passed 
in 2014 min. (34 min. ahead of schedule), and the famous 
Shap ascent now began in earnest. Over this section 
of 31-4 miles from Carnforth to Shap Summit the line 
rises practically from sea level to an altitude of 916ft., 
the almost continuous ascent (broken by 5 miles of 
falling or level track from Grayrigg to Tebay) culminat- 
ing in the 54 miles of the Shap “ bank ”’ itself, 4 miles 
of which are rising at 1 in 75. Touching 854 m.p.h. 
through Burton and Holme, the train passed Oxenholme 
at 68 m.p.h. (reduced to 60 through the station), and did 
not fall below 65 m.p.h. on the steepest part of the next 
5 miles, starting at 1 in 104, continuing at 1 in 124, and 
1 in 131, and finishing at 1 in 106, to Grayrigg. Approach- 
ing Tebay at a maximum of 78-5 m.p.h., the train then 
ascended the final 5-5 miles to Shap Summit in 5 min. 7 sec. 
(63-5 m.p.h. average), with a minimum speed of 57:5 
m.p.h. at the Summit. 

The 31-4 miles Carnforth to Shap Summit were thus 
covered in 26 min. 44 sec., at an average speed of 70-5 
m.p.h., the times and speeds being undoubtedly a record 
for this famous ascent. 





On the descent from Shap Summit into Carlisle there 
was a momentary maximum of 88 m.p.h., but speed was 
repeatedly reduced by brake applications over the 
numerous curves. Carlisle, 299-1 miles from Euston, 
was passed in 255 min. 24sec, (44 min. before time), 
the average speed to this point being 70-3 m.p.h. 


ASCENT OF BEATTOCK. 


Further remarkable climbing was achieved in the 
ascent of Beattock Summit, 1014ft. above sea level. 
In the initial easy stretch from Carlisle to Floriston, 
6 miles, there was an acceleration from 20 to 854 m.p.h., 
and, after slacking through Gretna Junction, there was 
a further acceleration to 70 m.p.h. up 7 miles rising at 
1 in 200 to Cove Quarry, with a minimum of 75 m.p.h. 
on the 4 miles climb at the same gradient to Castlemilk 
Siding. On through Lockerbie the gradients are mainly 
in favour of the engine, the 17 miles from Castlemilk 
to Beattock being run in 12 min. 20 sec. with a maximum 
of 90 m.p.h. 

This fast running enabled a good impetus to be obtained 
for the 10 miles of the Beattock Bank proper from Beattock 
Station to the Summit ; this 10 miles, on which the average 
gradient is 1 in 75, took only 9min. 31 sec., with a 
minimum of 56 m.p.h. The 49-7 miles from Carlisle to 
the Summit were thus run in 41 min. 42 sec., at the 
remarkable average speed of 71-5 m.p.h. 

The final 52} miles from Beattock Summit into Glasgow 
took 564 min., the running being somewhat hampered 
by the severe slowing over the Clyde Viaduct in course 
of reconstruction at Lamington, and the numerous speed 
restrictions through the colliery area from Law Junction 
to Glasgow. 

The 401-4 miles of the throughout journey were thus 
completed in 353 min. 38sec., at an average speed 
of 68-1 m.p.h., the gain on the experimental schedule 
amounting to 6} min. 


THE RETURN JOURNEY. 


For the return journey on Tuesday, November 17th, 
the load was increased to eight vehicles, 255 tons tare, 
and, as already stated, the weather was showery from 
Glasgow, with squalls of wind and rain on the exposed 
mountain sections, and heavy rain and strong winds 
on the final stage of the journey. In view of this bad 
weather the performance is all the more exceptional. 

Owing to permanent way slacks, the initial 28-8 miles 
from Glasgow to Carstairs required 1} min. more than 
schedule, but this was more than recouped by an astonish- 
ingly rapid climb to Beattock Summit, after which the 
train began steadily to gain time. The 13-5 miles from 
Lamington to Summit took only Ill min. 3sec., the 
minimum of 72$ m.p.h. on the 1 in 142-152 ascent from 
Crawford to Elvanfoot being followed by an acceleration 
to 80 m.p.h. on the 14 miles level past Elvanfoot, while 
the final 2 miles rising at 1 in 99 to the Summit produced 
a minimum of 66-5 m.p.h. From Beattock Summit to 
Gretna the 41-1 miles were run at an average of 77°5 
m.p.h., with a maximum of 89 m.p.h., Carlisle (102-3 
miles from Glasgow) being passed in 93 min. 20 sec. at 
an average of 65-8 m.p.h. 

Although the southward ascent of Shap Summit is 
easier than when coming north, the running in this 
direction was also extremely fine. From 20 m.p.h. 
through Carlisle the train accelerated steadily to 65 m.p.h. 
on 1 in 131-184 to Wreay, to 78 at Calthwaite with a 
fall to 74 on the mile rising at 1 in 114 beyond, and to 
83-3 on the level at Plumpton. The 2 miles rising at 
1 in 186 after Plumpton brought the speed down to 80, 
rising to 85 before slacking through Penrith and Eamont 
Junction. Seven miles rising at 1 in 125 past Thrimby 
Grange yielded a sustained speed of 64 m.p.h., with 
a final minimum at Shap Summit (after 3 miles at 1 in 
142, 106, 130, with } mile of level intervening) of 66 m.p.h. 
From Carlisle to Shap Summit the 31-4 miles were 
run in exactly 284 min., at an average speed of 66-1 m.p.h. 

From Shap Summit to Preston, 58-7 miles were run 
in 47min. 5 sec. (average 74-8 m.p.h.), with maxima 
of 82 before and 88 after Oxenholme, 86-6 before Carn- 
forth, and 87 before Preston ; the 50-9 miles from Preston 
to Crewe occupied 44 min. 22 sec. (including numerous 
service slacks), while for a distance of 6 miles, from 
Winsford Junction to Coppenhall Junction, the average 
speed was 90 m.p.h. with a maximum of 95. This last 
feat was one of the most notable of the whole test, since 
the gradients on this stretch are either dead level or 
slightly against the engine. 

Passing Crewe (243-3 miles) in 213 min. 17 sec. from 
the start (average 68-1 m.p.h.), the train covered the 
10-5 miles steady ascent to Whitmore, of which 3 miles 
rise at 1 in 177, in 9 min. 36 sec., the minimum speed 
on the 1 in 177 being 74 recovering to 77 m.p.h. Averaging 
72 m.p.h. over the 75-5 miles from passing Crewe to 
passing Rugby, the train passed Rugby, 318-8 miles from 
the start, in 276 min. 5 sec., and was now 13 min. before 
time. Across the Trent Valley the maximum speed 
had been 90 m.p.h. between Lichfield and Tamworth, 
but a noteworthy effort was the acceleration from 30 m.p.h. 
over the colliery subsidence at Polesworth to 79 m.p.h. 
at Atherstone, in 4-2 miles of slightly adverse gradients. 

From Welton, on the south side of Kilsby Tunnel, 
the 67-2 miles of generally favourable line to passing 
Wembley were run in 49min. 36sec., at an average 
speed of 81-3 m.p.h., with sustained speeds of 90 m.p.h. 
near Castlethorpe and again near Hemel Hempsted ; 
the 15 miles Bletchley to Tring, involving the ascent 
of the Chiltern Hills with 6 miles rising at 1 in 333, were 
covered in 11 min. 3 sec. (average 81-7 m.p.h.), with 
a minimum of 77:6 m.p.h. at the summit. On this 
section of the journey weather conditions were extremely 
bad. 

With a permanent way slack at Willesden, the final 
section of the journey into Euston was run cautiously, 
and the terminus was reached 16 min. early in a gross 
time of 344min. 15sec. from Glasgow—start-to-stop 
average, 70 m.p.h. 

On arrival at Euston the train was met by Sir Josiah 
Stamp, chairman of the L.M.S. Railway; Sir Harold 
Hartley, vice-president ; Mr. C. R. Byrom, chief operating 
manager, and Mr. Ashton Davies, chief commercial 
manager, who congratulated the train crew on their 
remarkable dual performance. 
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Continuous Extrusion of Lead Cable 
Sheaths. 


NEW development in methods of producing lead 
A cable sheaths, in which the pressure required to extrude 
the lead is obtained by means of a motor-driven screw 
member instead of by the ram of a hydraulic press, is 
described by Dr. Dunsheath in a paper read before the 
Institution of Electrical Engineers on Thursday, December 
3rd. As the advantages attendant on the use of the con- 
tinuous lead extrusion machine are associated to some 
extent with the methods employed in melting the lead 
and in the handling of the cable as it comes from the 
machine, attention is also paid to these features alongside 


for instance, as the displacement of the die relative to 
the point, thus interfering with the accuracy of the 
extruded sheath. The design of the mechanical drive 
has also called for great care with a view to combining 
high efficiency and absence of wear with simplicity of 
construction. 

The drawing, Fig. 2, shows the ultimate design adopted 
in which the machine consists of two units. The upper 
part contains the main cast steel casing carrying back 
and front covers, lead impelling portions with molten 
lead chamber, point holder, driver with thrust bearing, 
and die-adjusting mechanism, and the lower part, a cast 





the development of the machine itself. The paper describes 
improved lead-handling and melting equipment, and 
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The essential require- 


given to the design of this part. 
ments are a rigid support of the “‘ point ” relative to the 
die to facilitate uniformity of sheath wall thickness and 
the correct streamlining of all boundaries of the chamber 
to prevent undue layering of the metal on its way through 
to the die. Many different configurations of the forming 
chamber have been experimented with, and the one 
shown combines the required relative rigidity of point and 
die with circumferential uniformity to prevent the occur- 
rence of spearheading and formation of folds. After the lead 
has left the impelling threads it is distributed circum- 
ferentially by various spillways in the forming chamber 
which produce a completely homogeneous stream of 
metal. There are many minor though important features 
of construction which do not show in the drawing, but 
one which perhaps should be mentioned is the employ- 
ment in the up-to-date machines of threads on both 
members, and the longitudinal variation in the depth of 
the thread. Although the oxide layers met with in lead 
press practice are, of course, absent in a lead-drowned 
continuous extrusion machine, it has been considered 





advisable to avoid in every possible way the formation of 
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FIG. 1—-ARRANGEMENT OF HENLEY LEAD EXTRUSION MACHINE 


the automatic reeling mechanism for the finished cable ; 
but only that part of the paper which deals with the 
machine will be considered here. 

The principle adopted in one of the earlier machines 
is followed in the later development, and is shown in 
Fig. 1, where thé left-hand drawing shows below the axis 
a vertical longitudinal section, and above the axis a 
horizontal section, while the right-hand view shows the 
driving arrangements in a vertical transverse section. 
The main frame A of the machine carries a front cover B 
and a back cover C. The former forms the die chamber 
with a die J, and adjusting nut K, which surrounds the 
emerging pipe as it is extruded. Supported from the 
back cover C is the point holder M carrying the * point ” 
H, which controls the inner diameter of the pipe formed 
between H and the die J. In this model the outer surface 
of the point holder was fluted or splined longitudinally 
as indicated in the sectional view on the right. Surround- 
ing the splined point holder and separated from it by a 
small clearance is the driver L, which is a tubular nut 
supported by the ball race housing O. Keyed to this 
same member is the bevel wheel D, which engages with 
two bevel pinions on the transverse shafts F F, shown 
in the right-hand view. 

At the rear right-hand end of the machine there is a 
space surrounding the root of the point holder which 
communicates with the space between this member and 
the surrounding driver. This is the molten lead chamber 
into which lead is fed from the melting pot, and to prevent 
the escape of this lead around the end of the rotating driver 
a gland P is provided. At the front end of the driver there 
is another gland Q to prevent the escape of lead from the 
forming chamber immediately behind the die. 

When the machine is in operation molten lead flows 
into the annular space bounded by the splined surface 
of the point holder and the screwed surface of the driver, 
and is immediately solidified by the cooling spray from 
an embracing perforated cooler ring R. Through the 
reduction gearing shown in the right-hand view and the 
two bevel pinions, the power from an electric motor is 
transmitted to the bevel wheels, and the driver nut is 
rotated in such a direction that its internal thread engaging 
with solidified lead, carries the metal forward. The con- 
tinuous screw thread builds up sufficient pressure in the 
forming chamber to extrude the lead between the point 
and die, and pipe or cable sheath is formed. 

It was found that although the machine was successful 
for the purpose for which it was designed, it required 
excessive maintenance, and in 1933 a larger and more 
robust design was prepared for adoption as a commercial 
standard. Experience obtained in the running of the 
small machine for four years and a more robust model 
for well over a year, demonstrated the important require- 
ments necessary in a continuous lead extrusion machine. 
One of the principal points which demanded attention 
was the selection of special steels to withstand the 
unusual conditions where wide ranges of temperature 
exist in one and the same member. Extended runs over 
several years have been necessary to eliminate heat 
distortion, which may have deleterious effects, such, 








reduction gear, accommodates the oil used for flooding 
the thrust bearing and gear wheels. 

Several major improvements have been made on the 
design of the early machine. As will be seen from the 
right-hand view, a balanced drive on to the main impel- 
ling member has been achieved by a double train of spur 
wheels one on each side from the bottom shaft, which is 
common to both. By a device well known to gear 
specialists and frequently employed, the torque is divided 
equally between the two trains. By leaving adequate 
clearance in the bearing P, the bottom shaft floats and 





the driving torque distributes itself equally between the 
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“ layering "’ of the lead, and this special formation of the 
impelling members contributes very materially to such 
a result. Mention should also be made of the means 
adopted for preventing escape of the high-pressure lead 
through the clearance space between the fixed and rotat- 
ing members constituting the forming chamber. The 
very simple device of providing threaded surfaces has 
met the difficulty. Any lead entering the space is imme- 
diately engaged by the threads which provide the necessary 
back pressure to prevent further escape. 

As will be appreciated, lubrication arrangements in a 
machine of this kind are all important, and a very efficient 
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FIG. 2—MODERN DESIGN OF HENLEY LEAD EXTRUSION MACHINE 


two side wheels Q and R. The result is that the upwards 
and downwards thrusts on the final wheels are balanced, 
so reducing the tendency to excentric wear of bearings 
to a minimum, and at the same time reducing the tooth 
load to a half of what it would otherwise be. Complete 
accessibility to the gearing is provided by the inspection 
doors X and Y, and the lower main train of wheels is 
quickly demountable by the drawing forward of the 
cast stool Z. 

As some of the most important features in the finished 
cable sheath depend on the mechanical construction of 
the forming chamber, considerable thought -has been 





system has been worked out. An oil pump draws vi 
from the base tank, passes it through a cooler, and dis- 
tributes it vid tell-tale indicators and separate pipe 
circuits to the thrust bearing, the radial housing bearing 
and the wheel train, from all of which it falls again to 
the base tank. The thrust bearing, although continuously 
flooded with oil from a separate supply, is provided with 
additional safeguards in the form of temperature indicator 
and warning in the housing, and a visual flow indicator in 
the oil circulation system. 

The electric drive of the continuous lead extrusion 
machine has called for very careful thought and collabora- 
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tion between the machine constructors and the manu- 
facturers of motor and control gear. The motor stands 
to the side of the extrusion machine and the drive is 
transmitted through a standard worm reduction gear, 

A wide range of conditions has to be covered, from 
starting with the machine frozen up with solid lead 
requiring @ heavy torque, to running after warming up, 
which calls for more or less torque depending on whether 
the machine is extruding large, thick cable sheaths 
requiring volume of lead without much pressure, or small, 
thin sheaths requiring pressure and little volume. The 
arrangements must also be sufficiently flexible to cover 
soft lead and hard alloys. 

A range of machine sizes extruding up to din. diameter 
cable core has been standardised, and the motor for 
the Type 1 (cable core lin. diameter) is a dripproof, 
separately excited interpole motor with stabilising turns. 
The motor is designed to withstand heavy momentary 
overloads and is capable of exerting the required starting 
torque and of running at low crawling speeds, also under 
severe overload conditions, whilst the solid lead is thawing 
out. 

Economical operation of this motor over the wide 
speed range required (30 to 1350 r.p.m.) is achieved by a 
combination of Ward-Leonard and shunt control. An 
additional advantage is that the speed remains practically 
constant at any given setting of the control regulator, 
irrespective of variations in load applied to the motor, a 
very desirable feature in the operation of the extrusion 
machine. Heavy torques are also obtainable while the 
motor is under Ward-Leonard control, without corre- 
spondingly heavy current peaks being taken from the 
supply mains. 








Welded Underframes for Goods 
Wagons. 


THIRTY-FIVE underframes for 12-ton covered goods 
wagons have recently been completed at the carriage and 
wagon works of the London, Midland and Scottish Rail- 
way at Wolverton, and they were almost entirely welded. 
The underframes are of standard pattern, light type, 
non-fitted, and conform generally to R.C.H. dimensions 
and requirements, with slight modification to suit welded 
construction. The underframe has a length of 17ft. 6in. 
over headstocks, its width is 7ft. 8in. over side rails, with 





edges being chamfered where necessary. The construc- 
tion procedure was as follows :—The orossbars, longi- 
tudinals and drawbar cradle carriers were assembled in a 
jig, tack-welded, then welded and removed from the jig. 
This welded section and the whole of the remaining main 
members to be welded were next assembled in the large 
jig, illustrated in Fig. 1. It will be seen that this jig is 
arranged to revolve on trunnions, enabling the welds to 
be made horizontally as far as practicable. With work 
proceeding at both ends simultaneously, the headstock 
and diagonal stays were first tack welded to the diagonals 
and headstocks, diagonals tack welded to cross bars and 
headstocks, the welding following in the same sequence, 
The solebars were next partially welded to headstocks, 
welding of the solebars to crossbar flanges following, and 
then welding of the solebars and crossbars, longitudinals, 
and crossbar webs, The trend of operations at this stage 
was to work outwards from the centre of the underframe 
to eliminate distortion. The stays were next completely 
welded to the diagonals and diagonals to headstocks, 
followed by welding the inner flanges of diagonals and 
crossbars and stays to headstocks. The jig was rotated 
as required to complete the whole of the foregoing opera- 
tions. Various items to be welded to the underframe were 
next dealt with. The drawbar plates were welded to the 
headstocks and the four buffer trimmers, each a fabri- 
cated fitting, were first tacked, then welded to diagonals, 
and solebars. Spring stops, rope hooks and one vee- 
hanger, were tacked to the solebars, and the jig rotated 
to complete this series of operations. The progress made 
at this stage is shown in Fig. 2. Before removal from the 
jig the axleguards (which had been riveted to the sole- 
bars prior to the welding operations) were set and lined 
up, and the springs mounted and coupled up. 

At this stage the underframe, as shown in Fig. 3, was 
removed from the jig, and any welding hitherto inaccessible 
was completed, no particular sequence being observed. 
The side rails were next carefully lined up, and gauges 
inserted, together with the necessary distance pieces, 
and welded first to the solebars and then to the head- 
stocks, the stays being afterwards welded. No particular 
order was necessary, and this completed the welding of 
the underframe structure. The corrugated steel ends of 
the wagon body already prepared by welding the upper 
and lower halves, and the several stanchions with their 
door stops, weather strips and other individual fitments 
welded on, were placed in position on the underframe. 
Their relative positions were determined by a com- 
plete set of gauges and trammels; they were cramped 





occur at one of the junctions between crossbar, longi- 
tudinal and diagonal. From Fig. 4 some idea can be 
obtained of the forces set up, owing to this seyere method 
of testing. For the feregoing deseription and aecom. 
panying illustrations we are indebted to Mr. W. A. Stanier, 
chief mechanical engineer, L.M.S. Railway. 








The Versa-Vice. 


Tue Versa-Vice, by William Frost and Co., of 1, St. 
Nicholas-buildings, Newcastle-on-Tyne, of which we give 
a sectional drawing below, is in its essential features a 
parallel-jaw vice, but it has several refinements which 
adapt it for use in precision work. 

The main feature of the vice is that the weight of the 
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job is not taken by the gripping jaws, but is supported on 
a machined table D which is truly parallel with the bottom 
of the base. In this table there is cut a slot which accom- 
modates the gripping jaws B B. The front jaw is stationary 
and the back jaw is drawn up by the square-threaded 
screw E to grip the job. The gripping faces J J of the 
jaws are of hardened steel and have V grooves cut in their 
faces both vertically and horizontally. A second round 
rod parallel with the screw helps to guide the jaws and is 
provided with a clamping nut G to hold them in any 
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FIG. 3—UNDERFRAME AFTER REMOVAL FROM JIG 


an extreme width of 8ft. 4in. over door angles. The wheel- 
base is 10ft., and the wheels are solid rolled, with a 
diameter of 3ft. 14in. on tread. Brakework, springs, draw 
and buffing gear, &c., are standard. The main members 
are identical with those used on the riveted wagon, and 
are of the new British standard rolled steel section, as 
follows :—Solebars, headstocks and crossbars, 9in. by 34;in. 
by #in. channel; diagonals, longitudinals, and diagonal 
headstock stays are of 6in. by 3in. by fin. channel; side 
rails are of 2}in. by 2}in. by jin. equal angle. 

The remaining minor members are of varying angle, 
channel or plate sections of suitable dimensions. The 
rolled steel sections are electrically welded together, the 
only riveting being on such of those parts which require 
renewal or removal, including the axle guards and part 
of the brake gear, the sole exception being the brake block 
hanger brackets. A lay-out has been prepared for a 
complete and entirely progressive system of welded con- 
struction at Wolverton, whereby several jigs will be used, 
and the assembling and welding carried out more inten- 
sively and rapidly. 

THE WELDING PROCEss. ; 

The constructional members were sawn or milled to 
form a close abutment in the underframe, the meeting 





together and the steel ends were first tack welded to the 
outer side of the headstocks, then completely welded on 
the inside to headstocks and side rails followed by welding 
of the stanchions. The whole of the welding was carried 
out at an amperage varying from 175 to 180, the fillet 
weld size being*jin., fin., and jin. There was a saving 
of 5 cwt. in weight over the riveted prototype. 
TESTS. 

One of the welded wagon underframes was subjected 
to shunting tests. First the frame was sent into a train of 
condemned wagons. The average speed over a distance 
of 88 yards prior to impact was 15 miles an hour. In this 
test the wheels became derailed, and three axle-boxes 
were broken and two bolt heads on the vee hanger were 
sheared off. No joint in the frame showed any sign of 
failure. After re-railment, the frame was again tested. 
This time a goods brake was attached to it, trailing. The 
frame was again sent into a train of condemned wagons 
at an average speed over 88 yards of 35 miles per hour. 
In this test all of the axle-boxes were shattered and the 
wheels shot from under the frame. The test can be 
considered a gruelling one. Only two joints showed any 
signs of failure; these were adjacent to each other and 








TESTING 


vertical position in the slots F F in the base. The front 
jaw B has a rack cut in it, as shown, which engages with a 
pinion A. This pinion can be turned by a hand wheel and 
the protrusion of the jaws through the slot C in the table D 
thereby set to suit the work in hand, when they are secured 
vertically by the clamp G. The flanges of the base are 
provided with slots so that it can be bolted down on to a 
bench or the table of a machine tool. 

It does not require much imagination to visualise to 
what a wide variety of operations this vice can be put. 
It is made in three sizes with jaws up to 2in. wide. 








A High-Speed Bar Automatic 
Machine. 


THE automatic turning machine which we illustrate 
is one of the latest products of Brown and Ward 
(Tools), Ltd., of Tyburn-road, Erdington, Birmingham, 
and can turn out pieces from bar up to lin. in diameter 
at speeds ranging up to two seconds per piece. The 
maximum length of the piece is 4fin. It is of the self- 
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contained, electrically driven type, and can be run at 
speeds appropriate for both steel and non-ferrous metals. 

The machine is designed to effect four operations 
by two independently driven cross slides and an end 
slide, which is provided with a turret carrying two tool 
holders. The turret slide on its withdrawal indexes the 
turret through an angle of 60 deg. by a patented rack- 
operated mechanism. An air cushion is built in the 
turret slide and effectively prevents overrun on the forward 
stroke. A similar provision in the form of spring buffers 
ix made to take the shock of the index as the turret 
revolves. The turret proper is carried on two Timken 
taper roller bearings preloaded, which arrangement 
gives lasting alignment and, at the same time, allows 
for effortless indexing, The locating of the turret is 
effected by means of a vertical plunger working in a 
bronze bush and engaging with tapered hardened bushes. 

Two motors are employed. A 4 H.P. unit drives the 

















HIGH-SPEED BAR AUTOMATIC—SIDE 


spindle and a 2 H.P. motor drives the cam shaft through 
pick-off gears and worm reduction gearing. The former 
motor is mounted in the base of the machine on a specially 
designed swing frame which houses the high-speed counter- 
shaft. The drive is then taken from a three-step cone 
pulley on this shaft to a similar pulley on the main spindle, 
a flat laminated rubber belt being used for this purpose. 
The countershaft is driven from the motor by means of 
pick-off texrope pulleys giving three variations in counter- 
shaft speed. This, in conjunction with the cone pulley, 
gives nine spindle speeds from 350 r.p.m. to 3500 r.p.m. 
The countershaft is mounted on Timken taper bearings. 
The 2 H.P. motor is mounted vertically at the rear 
of the headstock and drives the cam shaft through an 
automatic accelerator mechanism. This comprises an 
overrunning clutch in conjunction with a cam-actuated 
cone clutch which can be brought into operation by means 
of adjustable cams and effectively cuts down any idle 
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HIGH-SPEED BAR AUTOMATIC—FRONT 


time, such as the withdrawal of slides, indexing of the 
turret, stock feeding, and advance of tools, &c. Both 
the vertical motor and the accelerator device are mounted 
on Timken bearings. The starters of both motors are 
interconnected and are so arranged that it is impossible 
to set the cam shaft in motion until the main spindle 
is running. The push buttons for actuating these starters 
are housed neatly upon the headstock, the one on the 
right being the “stop and start ’’ for the main spindle, 
the other being the cam shaft drive switch, and is pro- 
vided with an inching button in addition to the usual 
‘“‘ stop and start.’ All the gears and the phosphor bronze 
cam shaft worm wheel run in oil baths, The main spindle 
is mounted on Timken taper bearings on the chuck end, 
with a plain roller bearing at the rear end. This arrange- 
ment effectively takes care of any slight expansion due 
to heating up at high speeds. The two front taper roller 
bearings are adjustable and are slightly preloaded. 

The collet is operated by a patented closing mechanism 
and is totally enclosed. It requires no springs to over- 
come centrifugal action on the toggles. The bar stop 
mechanism is of robust construction, and in order to 
eliminate end play due to wear it is mounted on two 
opposed Timken taper bearings. A work separator is 
also provided for deflecting the cut-off components to 
the front of the machine, allowing the swarf to drop 
through to the rear, where it is easily removed. The 
lubrication of all working parts is effected by the “‘ Enots ”’ 
one-shot lubrication system, the equipment comprising 
a hand-operated pump. 








A New Pyrometer. 


AN automatic optical pyrometer for measuring surface 
temperatures of hot bodies in motion or at rest has been 
brought to our notice by the Lovic Johnson Company, of 
Lloyd’s Bank Chambers, 125, Balham High-road, 8.W.12. 
It has been designed mainly to meet the needs of steel 
mills, metallurgical works, &c., and is claimed to be 
particularly suitable for measuring the temperatures of 
moving bodies. In a rolling mill it may be employed to 
give an accurate record of the temperature distribution of 
each slab as it passes any desired point, whilst in the case 
of stationary bodies, such as materials in processing fur- 
naces and certain foundry work, the apparatus will give 
complete temperature records during the time the objects 
are viewed. Known as the “ Optimatic”” system, the 
apparatus employed consists of three units: (1) the 
‘* Optimatic,” with a sighting tube which is aimed directly 
at the object or path along which it moves ; (2) the power 





ment for measuring the temperature. The operation of the 
system is based on the fact that the electrical resistance 
of a photo-electric cell varies with the intensity of the 
light to which it is exposed, and as the intensity of the 
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light is dependent upon the temperature it is also possible 
to measure that quantity. Two photo-electric cells are 


| connected to a bridge circuit as shown in the accompanying 


diagram. One of the cells is exposed to the illumination 
from the hot object, while the other is subjected to the 
light from a balancing carbon filament lamp. For the 
galvanometer usually connected in a bridge circuit an 
amplifying valve is substituted. As the brilliancy of the 


| hot body varies, the resistance of the photo-electrie cell 


exposed to the illumination changes, thus altering the 
current in the plate circuit of the amplifying valve. This 
increases or decreases the current to the lamp which 
illuminates the second photo-electric cell, thus bringing it 
into equilibrium with the tube exposed to the hot body, 
and as the lamp current passes through the measuring 
instruments the deflections can be made to give tempera- 
ture indications or records. In other words, the intensity 
of the light produced by the hot object causes an electrical 
change in the circuit, which is amplified and measured 
directly in degrees of temperature. The use of a second 
photo-electric cell, which is indirectly controlled by the 
changes of the first cell, gives the system stability and the 
accuracy of the temperature measurement is unaffected 
by voltage fluctuations. The normal variations in the 
characteristics of the photo-electric cells during continued 
service are also said to cause no error in the temperature 
measurements. 








A Special Drilling Machine. 


Tue drilling machine which we illustrate below has 
recently been specially made by Kitchen and Wade, 
Ltd., of Halifax, England, for customers in Russia. It 
is intended primarily for drilling two holes in the webs 
of disc railway wheels at a high rate of speed, but it is 
conceivable that it might easily be adapted to a number 
of similar operations. 

The two holes to be drilled are 50 mm. in diameter, 
and are placed at about 22in. centres on the sloping part 
of the wheel web. It was required that the machine 
should be capable of dealing with thirty wheels an hour. 
As @ consequence, a two-station table was adopted, so 
that one wheel could be put in place while another was 
being drilled. The oval table is plainly shown in the 
engraving, and is mounted on a vertical pivot at the 
centre. The wheels are positioned on the table by four 
stops, two of which have clamping plates that are easily 
swung aside to release the wheel. The revolving table 
is arranged on ball bearings with a “ jack” arrangement 
to break the joint and to ensure easy turning. The levers 
on the extreme left operate in conjunction with each other 
and are interlocked. One elevates and lowers the balanced 
jig and brings the hardened drill bushings down to the 
curved plate. Once this is down the table cannot be 
moved, When it is in its top position the other lever 
is brought into action and withdraws the setting plunger, 
and simultaneously brings the screw jack into action to 
allow easy rotation. The two drill heads are each driven 


supply unit; and (3) the indicating or recording instru- | 





motor, having three changes and feeding the two spindles 


simultaneously. All the necessary controls for operating 
the machine are placed at the left-hand side, so that the 
operator has no need to leave his drilling position. 

As will be seen, the machine was built on particularly 
robust lines suitable for unskilled operators. Hardened 
nickel-chrome driving gears, ball-bearing mounted and 
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lubricated by internal oil pump, are a feature of this 
machine. The approximate net weight of the machine 


| is 6} tons. 








Canadian Engineering News. 
(By our Canadian Correspondent.) 


Fertiliser Plant Extension. 


Extension work to its fertilizer plant and chemical 
development laboratory at Beloeil, Quebec, is being 
undertaken by Canadian Industries, Ltd. The fertiliser 
| plant is being extended by the addition of seven bays 

with a length of 140ft.; 700ft. of new railway sidings are 

being laid with the necessary changes to the present 

trackage. The new building will be fitted with a battery 
| of storage bins for handling raw and finished products 
|as well as the extra machinery to handle the increased 
| capacity. A two-storey extension is being added to the 
| chemical development laboratory. The lower floor 
| will be given over to pilot plant work, while the upper 
| floor will accommodate additional general and analytical 
| laboratories, together with the necessary chemical 
| equipment. 


Improved Docking Facilities. 


During the past summer Canadian Oil Companies 
Ltd., have been making certain repairs and additions to 
their pipe line terminal at Froomfield, on the St. Clair 
River, for the purpose of bringing in an additional quantity 
of crude oil needed by the refinery at Petrolia, as a result 
of the building in 1935 of their new refinery unit at an 
expense of more than half a million dollars. The harbour 
has been improved by dredging to a depth of approxi- 
mately 20ft., which permits tank steamers with a 20ft. 
draught to tie up at the company’s dock. The dock has 
been overhauled and strengthened and an extra receiving 
tank with 25,000 barrels capacity has been erected. The 
extra crude oil amounting to approximately 50,000 
barrels per month is pumped through the pipe lines 
owned by the companies, extending from their Froomfield 
pumping station, a distance of 18 miles to Petrolia. 





Employment. 


Employment in Canada during the current year 
has maintained a considerably higher level than in 1935. 
The gain of employment in manufacturing plants has 
continued without important interruption since May, 
1933, when the turning point of the employment cycle 
was reached. The index of manufacturing employment 
averaged 7 per cent. higher in 1936 than in the preceding 
year, and the gain on September Ist over the same date 
of 1935 was 5-1 per cent. Contributing to that advance, 
most of the principal industries recalled their working 
forces in considerable numbers. This is encouraging. 
particularly in view of the impression which has prevailed 
that re-employment was not keeping step with the 
known advancement in industrial activity, an advance- 
ment which has been in evidence for two full years. 


Aviation Lighting. 


Regarding a popular impression that radio 
aids to aerial navigation are doing away with visual aids, 
Dr. F. C. Breckenridge, of the National Bureau of 
Standards in Washington, who addressed a meeting of 
the Engineering Institute of Canada in Ottawa recently, 
expressed the opinion that such was a long way from being 
the case. ‘‘ Radio must be considered as an indispensable 
but not an infallible aid to aerial navigation,” he com- 
mented. To his mind the use of radio was changing the 
requirements of luminous aids, but was not replacing them. 
Radio was not a universal aid to navigation at the present 
time, and only a small percentage of aircraft was equipped 
with it. Such equipment was heavy, and in the cases 
of the smaller aircraft particularly, economies in weight 
had to be considered. It was not comprehensive in its 
application, though it was quite useful in guiding aireraft 
in small runways, in giving an idea of altitude, and in 
other ways. Engineers had yet. to develop suitable 





by a 5 H.P. motor and have three independent speeds, 
whilst the feed mechanism is operated by a separate 


radio aids to prevent collision between aircraft in the 
air, he said. 








THE .ENGINEER 





Desc. 4, 1936 








Power Factor Correction. 


As a device for power factor correction, the static con- 
denser has been known for many years, but its use in the 
electricity supply industry has been restricted to some 
extent by certain limitations and cost. The article referred 
to in our last issue on its use on overhead distribution 
circuits, appearing in a recent issue of the General Electric 
Review, published by the General Electric Company of 
America, makes a good case for the use of condensers on 
4-kV lines working at 60 cycles per second, which, it is to 
be noted, is a somewhat higher frequency than the standard 
adopted in this country. The authors, Messrs. P. G. Gamble 
and Frank M. Starr, explain that important improvements 
in the manufacture of this apparatus make its use on dis- 
tribution circuits both practical and profitable. Some of 
the main points brought to light concerning experience 
gained by the Union Electric Light and Power Company 
may prove of interest. 

The curves, Fig. 1, show that on a typical 4-kV over- 
head line on this company’s system the reactive amperes 
give approximately 2} times as much drop as the in-phase 
amperes and elimination of the reactive amperes is there- 
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fore a solution of the voltage control problem. Over a 
typical No. 4/0 distribution circuit, 5 miles long, 200 
in-phase amperes cause a drop along the circuit of 277 
volts to earth or 480 volts between phiises, which is 
11-5 per cent. of the total voltage at the sending end of 
a 4150-volt circuit. On the other hand, 200 quadrature 
amperes lagging will produce 686 volts drop to earth or 
1186 volts between phases, which is 28 per cent. of the 
total voltage at the sending end. This “ destructive ” 
effect of reactive amperes on useful voltage as against 
active amperes is seen in this particular case to be nearly 
2-5to l. 

The curves, Fig. 
kilovolt amperes present in loads of various power factors, 
and show that even with a power factor as high as 0-98 
there remains 20 per cent. reactive current, the elimination 


2, indicate the amount of reactive 
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of which would reduce the drop 35 per cent. in the average 
4-5-kV overhead line. It is significant to note that at a 
power factor of 70-7 per cent. the quadrature and in-phase 
components are equal, and that something like 2-5 times 
as much drop would be produced in a typical distribution 
circuit of this particular system by the reactive current 
as by the power current. A power factor of 0-98 is 
ordinarily considered practically perfect, but as already 
shown 20 per cent. reactive current is still left; and it 
will produce nearly half as much drop in the ordinary 
distribution circuit of this system as the load current. 
Although the correction of power factor to 99-5 per 
cent. would ordinarily be regarded as out of the question, 
it is to be noted that 10 per cent. as much reactive current 
as useful current is still present in a load of this virtually 
perfect power factor, and that this will produce nearly 
one-quarter as much drop as the load current. Similarly, 
since transformers used in transmission have relatively 
high reactance, and comparatively little resistance, the 
voltage drop to the distribution sub-station is largely due 





to the influence of the reactive component of the current. 

Another set of curves (not reproduced) shows the rapidly 
increasing quantities of kilowatt load that can be trans- 
mitted over a 2-mile circuit with 4/0 conductors at drops 
up to 8 per cent. as the power factor increases. At 70 per 
cent. power factor and 8 per cent. drop, the power amounts 
to 700 kW; at 82 per cent., about 900 kW; at 90 per 
cent. over 1100 kW; at 95 per cent., 1400 kW; at 
98 per cent., 1650 kW; at 99 per cent., about 1850 kW ; 
at 99-5 per cent., 2000 kW; and at 100 per cent., 2500 
kW. Thus between 82 per cent. (a normal power factor 
for many distribution circuits) and 100 per cent. there is 
an increase in the load-handling ability of a given circuit 
without exceeding a fixed voltage drop from 900 kW to 
2500 kW, or a gain of 1600 kW, which is 178 per cent. of 
the load carrying ability of the circuit at the lower power 
factor. Moreover, this can be accomplished without 
exceeding the peak current-carrying ability of the copper 
in the circuit. The amount of load that can be carried, 
as well as the amount of improvement which can be 
effected by the application of shunt capacity, varies 
materially with the size of the wire of a given circuit. 

Among other curves given in the article is a set showing 
the amount of kilowatt load which can be handled by 
various size wires ranging from No. 4 to No. 4/0 at power 
factors ranging from 70 to 100 per cent., with the limit of 
voltage drop per mile fixed at 4 per cent. 

The possibilities of increasing the circuit-carrying 
ability are very interesting, but the ordinary approach to 
the power factor problem would still lead to the conclu- 
sion that it would not be practical to correct to the 
higher values of power factor on account of the diminish- 
ing returns on the capital outlay involved. The state- 
ment that for any given circuit and uncorrected power 
factor, a kilowatt of cireuit-carrying ability can be 
obtained for the same amount of corrective kVA at any 
point on the power factor scale may therefore prove some- 
what startling. When correcting from 82 to 83 per cent., 
from 90 to 91 per cent., from 95 to 96 per cent., from 
99 to 100 per cent., or between any two such points, 
this statement applies. Although more corrective kVA 
is required to gain a per cent. at various points in the 
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scale, the fact is not altered that the same amount of kW 
carrying ability is gained by each kVA of corrective 
capacity added. 

The ratio of kVA corrective capacity to kW gain in 
carrying capacity ability is shown to be equal to R-+ tan 6, 
where R is the ratio of resistance to reactance of the 
circuit, and @ the uncorrected power factor angle. 

In Fig. 3 this relation is shown for various power factors 
and ratios of resistance to reactance, where the 100 per 
cent. power factor line passes through ratio points equal 
in all cases to the magnitude of resistance /reactance ratio 
since tan 0=0. Likewise a power factor line of 70-7 per 
cent. would in all cases pass through the ratio point corre- 
sponding to the magnitude of the resistance/reactance 
ratio plus 1, since tan 45=1. This gives a simple and 
useful ratio and one that is of substantial significance. 

Since it has been shown that for a given circuit and 
uncorrected power factor the correctivekVA will accomplish 
a constant amount of improvement in circuit carrying 
ability, regardless of how high the correction is taken, 
it follows that correction up to unity can be accomplished 
at uniform cost per kilovolt gained in circuit-carrying 
capacity. Assuming a typical 4-kV No. 4/0 overhead line 
and a power factor of 0-8, 1-1 kVA is required to increase 
the capacity of the line 1 kW. 

During the past year the engineers of the Union Electric 
Light and Power Company have applied twenty-one shunt 
condensers, ranging from 120 to 180 kVA, to their dis- 
tribution circuits. Careful observations have been made 
to check their values to provide a basis for future system 
development. The following results obtained on one 
overhead distribution feeder supplied by a cable indicated 
by the star in Fig. 4 are typical. The cable extends nearly 
1 mile from one of the main sub-stations supplying the 
metropolitan area of St. Louis. A substantial increase 
in capacity was required on this circuit to meet the expected 
load conditions of the winter of 1935-36. 

After analysing the relative cost of providing an addi- 
tional feed to separate this feeder into two sections, as 

ainst providing the required increased load-carrying 
ability by the installation of condensers, the latter scheme 
was found to be more economical. Consequently, two 
180-kVA shunt units were installed on this circuit at the 
points A and B. 

Previously the feeder carried peaks of about 265 
amperes per phase, but during the winter season which 
followed it carried about 315 amperes per phase, equi- 
valent to 331 amperes at the original uncorrected power 
factor. Thus the load handled by ~ circuit was increased 
by (331— 265) x 100/265, or, say, 2é r cent., and the 
voltage conditions were better than rh the former load. 

If the two condensers had not been installed it would 
have been necessary to provide an additional feed to 
Bates and Minnesota before the 1935-36 winter peak, thus 
splitting the feed into two parts. The total investment 
of 32,300 dollars involved in providing the additional 
feed would have provided 1500 kW of additional 
capacity at a cost of 21-50 dollars per kilowatt. Actually, 





only 500 kW were provided by the condensers at a total 
cost of 3500 dollars, or 7 dollars per kilowatt added. 

To summarise the results, the secondary drop in the 
load zone was reduced from 7-8 to 4-6 volts. The kilo- 
watt load on the feeder was therefore increased, and the 
resultant voltage conditions were improved, so that it 
was possible to reconnect the induction regulators from 
10 per cent. buck and boost to 5 per cent. buck and boost. 
The combination of these efforts resulted in an increase 
in feeder capacity of approximately 500 kW at normal 
power factor without exceedi the current-carrying 
ability of the copper in the circuit or exceeding 
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Fic. 4—-TYPICAL CIRCUIT 


@ maximum of 6 volts difference between all the con- 
sumers’ voltage on the circuit. The proper amount of 
increased load-carrying ability was provided to take care 
of the present and near future requirements at 7 dollars 
per kilowatt, rather than by accepting the alternative of 
providing the excess amount of capacity at an out-of- 
pocket cost. No troubles have been experienced due to 
resonance and it has been found unnecessary to disconnect 
the condensers at times of light loads. 








BRITISH STANDARDS INSTITUTION. 


All British Standard Specifications can be obtained from the 
Publications Department of the Institution at 28, Victoria-street, 
London, S.W.1. The price of each specification is 2s. 2d. post 
free, unless otherwise stated. 





HIGH-PRESSURE SEAMLESS COPPER TUBES. 


No. 2 T.51. A revised edition of the B.S. Specification 
T.51 for High-pressure Seamless Copper Tubes for Aircraft 
Work has been issued. The principal revision consists 
in a modification to the method for testing the bores of 
the tubes. Hitherto the bore of each tube, jin. outside 
diameter and over, was required to be examined visually, 
the smaller tubes being tested by passing air through 
them at low pressure. The bores of all tubes have now 
to permit of @ brass bob, a wire with a brass bob attached, 
or @ wire to pass through freely. The bob or wire has to 
be 80 per cent. of the nominal bore and the length of the 
bob must be not less than twice its diameter. The internal 
hydraulic test pressure for tubes over }in. outside dia- 
meter has been reduced from 6000 lb. to 4000 lb. per 
square inch. Price 1s. 2d. post free. 


BEND TESTS ON WELDED JOINTS. 


No. 709—1936. The Institution has recently issued a 
specification outlining standard methods of making a bend 
test on welded joints. Whilst bending had from early 
days been regarded as a suitable form of test to which 
welds should be submitted, little information was available 
as to the interpretation to be placed on the result obtained 
or to indicate what should be regarded as the criterion of 
the test. Different physical properties may be possessed 
by the weld metal and by the parent metal in any one 
joint, and consequently the factors which influence the 
test need to be carefully controlled and their relative 
values correctly assessed. The principal points to be 
observed are set out clearly in the specification. There 
are four forms of test which have been provided for. They 
can be divided into two methods of test for determining 
the ductility of the metal in the joint and two methods for 
testing the joint as a joint such as for adequate fusion of 
the weld metal with the parent metal and workmanship 
generally. 








Dr. R. W. Bartey.—Mr. R. W. Bailey, of the research 
department, Metropolitan-Vickers Electrical Company, 
Ltd., has been awarded the degree of Doctor of Science by 
the University of London. Dr. Bailey has, for a number of 
years, been in charge of the mechanical, metallurgical, 
and chemical sections of the research department. Under 
his direction the mechanical and metallurgical sections 
have given particular attention to investigating the 
properties of metals at elevated temperatures. It was 
upon the basis of his published work in this subject that 
the degree was awarded. His position as an authority 
upon the strength and behaviour of metals has been recog- 
nised by membership of a number of national committees , 
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American Engineering News. 





American Aviation Development. 


At a recent convention of aviation officials 
of the Federal and State Governments, it was stated that 
aviation has outgrown the understanding of the Govern- 
ment. There is evident need for the establishment at 
Washington and the capital cities of the several States 
of permanent aeronautic commissions composed of tech- 
nical men and secure from the hazards of political 
influences. The Federal commission would take over work 
now distributed among a number of departments and 
bureaux. In addition, there should be committees on 
aviation in Congress. As to accidents, the miscellaneous 
pilots number forty times the scheduled air line pilots, 
while the former have ten times as many accidents. A 
Federal commission, with co-operation of the States’ 
commissions, could enforce regulations and educate the 
miscellaneous flyers to more cautious operation. For 
development of airports, assistance of the Federal Govern- 
ment beyond the present relief programme is very desir- 
able. Marking the air routes is also very necessary, and 
the cost of this work on the mileage still unmarked is 
estimated at £3,000,000, although an emergency pro- 
gramme could be carried out for about £1,000,000. All 
airports should be certified, and might be divided into 
three classes: (1) Terminal airports, (2) intermediate 
fields on the Federal airways, (3) airports under super- 
vision of the States. Managers of air line ports should 
also be licensed, especially in view of the increase in 
municipal airports, so as to prevent possible interferences 
of lucal political affairs. Hitherto there has been no 
settled or continuing policy as to air transport. Laws 
and contracts are raised and changed year by year, and 
the men in high authority are liable to be changed with 
political changes. Radio equipment on planes and at 
airports needs much more extensive development. It 
is considered that planes should include perfect visibility, 
elimination of spinning, stability in stall, glide path 
control, braking equal to that of automobiles, a wide 
range of landing speeds, and two controls. Applications 
of automobile engines for airplanes are promising, although 
some of them have not come up to expectations. 


Cleaning Muddy Water for Turbines. 


A special problem in the design of the Loup 
River hydro-electric station in the United States is the 
extremely muddy condition of the river, so that the 
cleaning or desilting of the water had to be one of the 
major considerations in the design of the works. A canal, 
35 miles long, leads from the river to the power station, 
and the desilting plant forms the connection between the 
river and the canal. A submerged dam or weir in the 
river diverts water to the head works, which consist mainly 
of eleven Taintor radial gates, with openings 5ft. high 
and 24ft. wide. From these the water enters the desilting 
channel, which is 2 miles long, with a 200ft. bottom 
width and a depth of 20ft., formed by parallel dykes. 
Along the top of one dyke is a concrete-lined ditch or 
channel, 34ft. wide on the bottom and 4ft. deep. Spanning 
the desilting channel is a bridge 300ft. long, travelling 
on standard-gauge railway lines on each dyke. A trolley 
which traverses along the bridge carries two 24in. centri- 
fugal dredging pumps, which can thus remove silt from 
any part of the channel and discharge it into the concrete 
ditch or flume, from which it will be returned to the river. 
The velocity of flow in the settling channel is about Qin. 
per second. At the outlet end of this channel a weir 
maintains a proper water level and restricts the velocity 
of the water, which flows over it into the power canal or 
headrace. This canal has a bottom width of 55ft. From 
the discharge end of the sludge flume a semi-circular 
steel flume, 8ft. in diameter, extends farther downstream 
along the river bank, being supported on a timber trestle. 
From this the silt or sludge can be discharged at con- 
venient places by means of sliding gates. This mechanically 
operated desilting plant was adopted as being more 
effective than an alternative plan which provided for 
excavating silt basins in the bed of the river, and cleaning 
them out by means of the swift currents at flood times. 


Steel Manufacture and Treatment. 

A group of conventions of American mechanical 
engineers, metallurgists, and welding experts brought 
together a mass of papers and discussions dealing with 
various technical aspects of the metal industries. A 
new process for giving a wear-resistant surface, as at 
the bearings of crankshafts, consists of heating the part 
rapidly by high-frequency induced current and immediate 
quenching by streams of water under pressure. The 
current at high voltage is transformed into low voltage 
with high amperage, and passes to inductor blocks placed 
around, but not in contact with, the surface to be treated. 
The block acts as the primary coil of a transformer, 
inducing a current in the steel through an air gap of 
predetermined width. Thus the heat is generated within 
the steel, and so rapidly as to prevent undesirable heating 
of adjacent areas, such as the fillets of a crankshaft. 
The process permits close and accurate control of the 
temperature, as to location and depth or penetration.— 
Continuous heat treatment of cold rolled steel strip is 
being handled commercially in large electric furnaces, 
owing to the increasing demand for low-carbon steel strip 
2ft. to 7ft. in width, especially for automobiles and 
refrigerator cabinets. The furnace, with a capacity of 
10 tons daily, has a heating chamber 16ft. long, operating 
at 120 kW, and a cooling chamber 45ft. long. Conveyor 
apparatus consists of heat-resistant, nickel-chromium 
alloy rolls, with brass rolls in the cooler part of the cooling 
chamber. The furnace, with an overall length of 250ft., 
treats the strip at a speed of 27ft. per minute. The 
product has a uniform grain size, and the finer the grain 
the higher the yield point and elastic limit. For stamping a 
fine grain structure is desirable, but a coarser structure 
for deep drawing. A discussion on high-speed steel for 
cutting tools dealt with a steel of 0-7 carbon, 18 tungsten, 
4 chromium, 0-25 manganese, and 0-30 silicon, as affected 
in grain size by repeated heating, furnace temperature, 
and hardening.—Surfacing by welding is on the increase 
to improve service life, and electrodes are available for 
deposition of different types of surface, whether to resist 


Modern Water-Tube Boilers for 


Land and Marine Use.* 


By FRIEDRICH MUNZINGER, Dr.-Ing.t 
(Concluded from page 586, Nov. 27th) 
IV. Specrat Borers ror Fiurip anp GasEous FUvELs. 


(1) Introduction.—Fluid and gaseous fuels eliminate 
the clinkering of the furnace and the choking of the flues 
by flying ash. It is consequently possible to employ far 
higher furnace loadings and a considerably smaller pitch 
between the tubes of the heating surface than is customary 
or reliable with solid fuels. This fact is of more advantage 
for boilers with forced flow than with natural circulation, 
since in the former case there is less difficulty in circulating 
sufficient water through all the tubes, in narrowing the 
pitch, and in designing the furnace and lining it with 
cooling surfaces to give efficient combustion. Moreover, 
with forced flow, in contrast to natural circulation, it is 
impossible for delayed combustion caused by incorrectly 
managed or badly operating burners to heat downcomers 
so strongly as to convert them virtually into risers, thus 
interfering with the water flow throughout the boiler. 
This danger, in boilers employing natural circulation, 
is especially great when the output of the furnace is high. 

(2) The Advantages of Heavily Loaded Furnaces.— 
Heavy loading of the furnace is an excellent means of 
saving space and weight, and also has indirect advan- 
tages which are but seldom considered. The greater 
the specific output of a furnace, the longer and narrower 
must it be in order to maintain a sufficiently high ratio 
between cooling surface and capacity, thus limiting 
the temperature to a reasonable figure. In Fig. 23, which 
illustrates the conditions obtaining with various furnace 
loadings, it is assumed that the burner lies in the centre 
of the square furnace bottom (length of edge=d) and 
blows vertically upwards parallel to the height / of the 
furnace. Where //d=1-5, a loading of 335,000 B.Th.U. 
per cubic foot per hour gives a temperature of approxi- 
mately 2707 deg. Fah. and a cross section of 46 square 
feet. At 1 million B.Th.U. per cubic foot per hour the 
temperature rises to 3070 deg. Fah., even if //d is raised 
to 2-5 (corresponding to a cross section of approximately 
16 square feet). With a smaller cross section it is easier 
to burn the fuel with a single burner, to fill the furnace 
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Fic. 23—Furnace Proportions and Temperatures for Various 
Loadings. 


uniformly with a homogeneous mixture of fuel and air, 
and to secure the most advantageous flow of the flames. 
Not only does this give the most satisfactory conditions 
as regards combustion, but it simplifies and cheapens the 
regulation, which involves less complication for one 
burner than for several. The longer the fuel remains and 
burns in the furnace, the higher can be the loading on 
the latter. When combustion takes place under a pressure 
of 43 lb. per square inch, for example, the volume of flue 
gases is only approximately one-third of that given off 
at atmospheric pressure, and furnace loading approxi- 
mately three times greater is therefore permissible. If 
the compressor for supplying the combustion air were 
to be driven electrically or by steam turbine, the heavy 
consumption of power would unduly lower the overall 
efficiency. For this reason the compressor must be driven 
by a gas turbine, obtaining power from the flue gases 
which emerge from the boiler at a temperature of about 
930 deg. Fah. If the turbine and compressor were 100 per 
cent. efficient a comparatively small proportion of the 
available pressure drop would suffice for the gas turbine, 
and the remainder could then be used to attain extremely 
high flue-gas velocities. But even if the combined 
efficiency of turbine and compressor is only approxi- 
mately 55 per cent., very considerable gas velocities and 
correspondingly high heat transfer figures can be obtained, 
although supplementary power amounting only to a small 
proportion of the boiler output may be required at certain 
loads. 

The combination of high flue-gas velocities and high 
furnace pressures is a natural consequence of their mutual 
advantages, and brings the quickest return on the increased 
first cost occasioned by supercharging the furnace. Here, 
again, tall and narrow furnaces are beneficial, because 
the high gas velocities make for a narrow tube pitch, 
which in turn allows of burner and furnace taking the 
form of a single smooth shaft, practically eliminating 
changes in the direction of the gases and minimising 
draught losses—see Fig. 20 ante. 

Up to the present time the Velox steam generator is 
the only boiler operating on this principle with furnace 
outputs of 450,000-900,000 B.Th.U. per cubic foot per 
hour (Fig. 24). Owing to the special shape of the con- 
vection heating surface, which takes the form of fire tubes, 
and of ‘the remaining heating surfaces along which the 
gases flow parallel to the tube axes, velocities of 650ft. 
per second or more can be used in the evaporating surface 
and approximately 330ft. per second in the superheater 





* The Institution of Mechanical Engineers, November 20th. 
+ Consulting Engineer, Allgemeine Electricitats Gesellschaft, 





and economiser. In consequence, outputs up to 1-2 
million B.Th.U., or 90-100 lb. of steam per square foot 
per hour are achieved in the evaporator section, while 
the output in the superheater and economiser is so great 
that the total heating surface need be only about 10 per 
cent. of that utilised in normal water-tube boilers, The 
efficiency over a very wide range of loads is above 90 per 
cent. 

Another method of constructing light, compact boilers, 
proposed by the author, employs a blower driven by 
an electric motor or steam turbine to compress the cold 
combustion air to a pressure of 20-50in. water gauge, 
this being sufficient to overcome the resistance of burner, 
heating surface, and chimney. These “ high-speed ”’ 
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Fic. 24—Velox Steam Generator. 


boilers, which are best constructed in narrow-tube, 
foreed-flow form, should allow of furnace outputs of 
approximately 350,000 B.Th.U. per cubic foot per hour 
at high efficiencies, and should yield gas velocities of 
100-230ft. per second with the blower consuming only 
1-0-2-5 per cent. of the boiler output (Figs. 19 and 20 
ante). 

With the object of showing at least the order of 
magnitude of what can be obtained with high furnace 
outputs and gas velocities, the following four cases, given 
in detail in Fig. 25 and Table I, will be examined :— 


Case 1.—Combustion at approximately atmospheric 
pressure ; normal stationary boiler with tubes of 3in. 
external diameter, and a furnace output of 78,500 
B.Th.U. per cubie foot per hour. 

Case 2.—Combustion at approximately atmospheric 
pressure ; “‘ high-speed” boiler with forced-flow tubes 
of l}in. external diameter and a furnace output of 
335,000 B.Th.U. per cubic foot per hour. 

Cases 3 and 4.—Combustion at a pressure of 30 lb. 
or 45 lb. per square inch absolute; forced-flow boiler 
with tubes of l}in. external diameter, and with a 
furnace output of 670,000 or 1,000,000 B.Th.U. per 
cubic foot per hour respectively. 

It is further assumed that the flue-gas temperature is 
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Fic. 25—Proportions of Steam Generating Plant for Combus- 
tion under Various Pressures. Boiler pressure, 1400 lb. 
per square inch ; boiler output, 50 tons of steam per hour- 
For normal boiler, v= 16—36ft. per sec. 
= 10,500 sq. ft. 

G=35 tons. 

V= 2450 cu. ft. 
the same in cases 1—4, and that in cases 2—4 equal amounts 
of external power (1-5 per cent. of the boiler output) are 
supplied to the low-pressure blower or to the compressor, 
the latter being driven by a gas turbine. 
Thus, altogether, the parts comprising the heating 








impact, abrasion, corrosion, or high temperatures. 
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surface of the boiler, superheater, and economiser of 
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the “ high-speed ” boiler (case 2) amount in area, weight, 
and space required to only approximately 22, 14, and 25 

r cent. respectively of those of a stationary natural- 
circulation boiler with normal gas velocities. The savings 
in weight and space gained by use of the ‘ high-speed ” 
boiler instead of the usual water-tube type are, in fact, 
very considerable. Except for the space required, the 
difference here is far greater than between special boilers 
with supercharged furnaces (cases 3 and 4) and “ high- 
speed’ boilers in which combustion takes place at 
pressures only slightly above atmospheric {case 2), although 
in cases 3 and 4 it is necessary to employ compressors 


TABLE I.- 





1 Pressure in furnace, lb. per sq. in. abs. 


2 Specific output of furnace, B.Th.U. per cu. ft. per hour 


3 External diameter of tubes, inches 

4 Approximate gas orem d in heating surfaces, ft. 
persec. ... ... x 

5 Loss of draught in heating surfaces without burner, 


inches water gauge 


Required total heating surface : 


6 Area, sq. ft.* 

7a Weight, tonst 

7b om per cent. 

Sa — required, cu. ft. 

8b »» per cent. 

9 Cross section of furnace, sq. ft. 


10 Power required by blower, per cent. of boiler output 


* This area refers only | to the | active ) heating purtace. 
20-30 pe 


+ A further addition must be made to these values for drums, collectors, connecting pipes, &c., 


driven by gas turbines with capacities of 8 to 20 per 
cent. of those of the main turbines. 

The following deductions may 
from Fig. 25 and Table I :— 


(1) ** High-speed *’ boilers with forced flow are con- 
siderably lighter and occupy far less space than normal 
stationary water-tube boilers. 

(2) Comparing supercharged boilers with ‘“ high- 
speed ’’ boilers—both types having narrow tubes and 
forced flow—the savings in weight and volume of the 
heating surface obtained by combustion under pressure 
are frequently insufficient to warrant the greater first 
cost of the supercharged type. 

(3) Including a reasonable margin, gas velocities 
of 100-250ft. per second can be attained in forced-flow 
* high-speed,’’ or in supercharged boilers, through 
which the gases pass vertically to the narrow tubes ; 
at the same time, the power consumption of the low- 
pressure fan or the additional power consumption 
of the gas turbine-driven high-pressure blower does 
not exceed 1-5 per cent. of the boiler output. 

(4) The further the overall efficiency of gas turbine 
and blower can be raised above 55 per cent., the better 
are the prospects for supercharged narrow-tube, forced- 
flow boilers ; for even a small rise in efficiency greatly 


therefore be drawn 
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FiG. 26—Increased Pressure Drop Available with Increased 
Efficiency. 


augments the pressure drop available for producing 

high gas velocities (Fig. 26). An increase of the tem- 

perature of the gases entering the turbine from 930 deg. 
to 1110 deg. Fah., for example, would have a similar 
effect. 

Therefore, unless the actual heat transfer and the loss 
of draught in narrow-tube boilers differ much from the 
values determined in the laboratory, the advantages of 
supercharged combustion frequently fail to justify the 
greater complication and first cost. 


V. WATER-TUBE MARINE BoILers. 


(1) Introduction.—Reliability, silence, absence of vibra- 
tion, freedom from need for continued attention, and 
great advances in steam technology have secured to 
steam the almost universal propulsion of ships exceeding 
20,000 H.P. Gearing allows one of the chief advantages 
of the steam turbine—high speed—to be utilised, whereby 
marine units of the largest outputs can be built as lightly 
and economically as stationary turbines. But the develop- 
ment of marine boilers has failed to keep step, principally 
because the possibilities in boiler design offered by oil 
in comparison with solid fuels have only been recognised 
gradually, and even to-day are by no means fully exploited. 
Demands for compact design, high speed, and power 
have advanced far since the turn of the century (Fig. 27). 
The capacity of the ‘‘ Normandie ”’ (1934) is 160,000 H.P., 
those of the aircraft carriers ‘‘ Lexington ’’ and ‘“ Sara- 
toga ’’ 180,000 H.P. each, and that of the “‘ Queen Mary ” 





According to the design of the boiler 
r cent. greater, to allow for dead corners, tubes unsatisfactorily exposed to the flue gases, &c. 


is actually quoted as 200,000 H.P. The ‘‘ Normandie ” 
and the ‘‘ Queen Mary ” have reached the 30-knot mark 
and fast cruisers can make up to 43 knots. In spite of 
the vibration feared from the screws, a speed of 40 knots 
seems to be technically feasible for passenger ships, and 
although it is doubtful whether they will pay their way 
merchant ships of that speed must be anticipated within 
the not too distant future. This demands a further 
reduction in the size and weight of the steam-generating 
plant, since water-tube boilers of the usual designs, 
weights, and furnace outputs (450,000 to 560,000 B.Th.U. 
per cubic foot per hour) require an excessive amount 


-Principal Data of a 1400 lb. per Square Inch Forced-flow Boiler Generating 50 Tons of Steam per Hour at 930 deg. Fah 
from Feed Water at 210 deg. Fah. and a Constant Flue Gas Temperature of 300 deg. Fah. 











Normal Narrow-tube forced-flow boilers. 
water-tube Blower driven by— 
boiler. — — Oe —— 
Electric m motor. | Electric motor and gas tastine. 
Case 1. Case 2. Case 3. Case 4. 
14 14 28 42 
(approx.) (approx.) 
78,500 335,000 670,000 1,000,000 
23 14 1} i} 
16-36 150-330 160-360 160-300 
4 383 11s 140 
10,500 2 340 500 2,080 
36 5-1 4-9 4-1 
100 14 14 ll 
2,430 600 390 280 
100 25 16 12 
45 23-6 16 
1-5 1-5 1-5 


the actual area must be 


to give the actual weight. 


of space, even below 30 knots. 
room and the entire power plant of the 
(160,000 H.P.), with twenty-nine boilers, occupy 32 
and 54 per cent., respectively, of the ship’s length. The 
cause of this state of affairs is the disparity between 
the powers of boilers and turbine, just as was the case in 
stationary plants of ten years ago. Hence the tendency 
to adopt larger units is unmistakable. For example, 
the ‘“‘ Imperator,”’ built in 1912, with 61,000-84,000 H.P., 
has forty-six boilers, each producing 1330-1830 H.P., 
whilst in the “‘ Conte di Savoia,” laid down in 1930, 
with 100,000-130,000 H.P., there are only ten boilers, 
each of 10,000-13,000 H.P. Boilers with outputs of 
50-100 tons per hour, therefore, should soon cease to be 
rare in large fast ships. Marine boilers for this service 
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FiG. 27-——-Progress in Marine Boilers, 1840-1935. 


must be light, of high effici iency, and of large capacity, 
in order to secure lower “ unit ’’ weight.* Further, it 
is necessary to design for high gas velocity and heavy 
specific furnace output, for the latter plays the same part 
in boilers as high speed in turbines. That the first once- 
through marine boiler aroused great contemporary 
interest is accordingly understandable. For reasons to 
be dealt with later, the design of marine boilers must be 


more conservative than that of stationary steam 
generators. To allow land boilers to take precedence 
in technical advance is merely sound practice. But 


the application to marine boilers of innovations which 
have proved profitable in stationary plant and the 
selection of the right time for so doing is a difficult 
matter. Too early an adoption may work out detri- 
mentally to the reliability of the plant, whilst excessive 
delay tends to reduce the efficiency of the whole ship. 
Therefore, even the boilers of quite modern ships often 
bear no evidence of the latest practice in stationary 
plants. The boiler furnaces in the ‘“ Queen Mary,” for 
instance, have.no cooling walls (Fig. 28), and but little 
use is being made of the methods for ascertaining the 
stability of water circulation as expounded earlier. 
But, apart from such details, Germany and other nations 
can record great advances in boiler design. A fine example 
of what can be achieved by systematically applying the 
outcome of modern progress to natural-circulation marine 
boilers is given in Fig. 30 and Table II 

At present, therefore, there is keen competition between 
natural and forced-flow boilers, both in large and in 
small ships and both for coal and oil firing (Figs. 7-9 
and 28-32). In what follows, however, only onl: fired 
boilers for fast ships are considered. 

(2) Behaviour with Impure Feed.—The iti of 
evaporators and the treatment of feed water have now 
reached the stage where feed water that is above suspicion 
can be prepared for every type of boiler. Running on sea 





* Unit weight denotes the weight of the complete boiler, in 





tons, per ton of hourly maximum permissible steam production. 
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water, modern evaporators produce a distillate with a 
residue of less than 5 milligrammes per litre, and the 
selection and proportioning of the chemicals required 
for the prevention of corrosion is no longer subject to 
uncertainty. A closed feed water system giving full 
protection against the absorption of atmospheric oxygen 
is, however, indispensable just as in stationary plant. 
There is always the danger of the sudden entry of salt 
water due to leakage into the condensers. This may 
occur just at the time when the boilers must remain on 
full load, and is disastrous in inverse proportion to the 
water capacity of the boilers. The dangers are accordingly 
greater with heavily loaded than with lightly loaded 
boilers, and with once-through boilers than with forced 
or natural-circulation boilers, and with narrow-tube 
boilers than with wide-tube boilers. 

(3) Behaviour during Rapid Maneuvring.—In land 
operation, as against marine service, the whole boiler 
plant is extremely seldom subject to sudden and frequent 
falls from full load to zero. The behaviour of a boiler 
at sea under these circumstances is therefore most 
important. As explained earlier, once-through boilers 
allow only approximately one-half and one-third of the 
times permissible in forced and _natural-circulation 
boilers, respectively, for adjustment to the new state 
of balance, i.e., once-through boilers start blowing off 
far sooner when the ship must suddenly stop, and may 
suffer an excessive fall of pressure if full speed has suddenly 
to be resumed. The greater insensitivity to variations 
of load and to the irruption of sea water secured by a 
drum results in greater weight. But the additional 
of drums is fully warranted by the superior 
behaviour of the boilers, the advantages of drums in 
most cases more than outweighing their disadvantages. 

(4) Automatic Boiler Control—tIn all branches of 
engineering, the improvement of a machine is accom- 
plished by an increasing degree of automatic control. 
-Data of Wagner Water-tube Boilers in the ** Scharn- 


horst,”’ the ** Gneisenau,”’ and the ‘* Tannenberg.” 


Name of ship. 


* Gneisenau.”” | ‘ ‘Tannen 


* Scharn- 
horst.”’ berg.” 
Design data : | 
Water capacity, 
cu. ft. 300 275 162 
Steam capacity 
(oppor drum), cu. 
ft. 88 88 39 
Furnace ‘capac ity, 
cu. ft. 1270 990 670 
Weight of boiler 
without water, 
BOMB. noe see tee 95 95 38 
Weight of boiler 
with water, tons 100 100 43 
Results of steam tests : 
Steam generated, 
tons per hour 30 37 6 6 
Furnace output, 
B.Th. 105 
-cu. ft. per hour > 62 1-04 1-65 
Flue-gas tempera- 
ture,deg. Fah. ... 410 465 610 
Boiler efficiency 
based on lower 
calorific value, | 
per cent. 90-3 88°58 86 


Greater strength and slower reaction to external occur- 
rences—qualities inherent in large amounts of material- 

are replaced by the swifter response of a design of greater 
specific cost, but far lighter weight. Boilerseare not 
exempt from this law. With lighter and accordingly 
more sensitive boilers it is proportionately desirable to 
install automatic control, with the object of relieving 
the firemen at least of the more important and rapid 
manipulations, among which feed supply takes the first 
Tape ILl.—Replacement of the Existing Plant in the “ Bremen” 


by High-pressure Boilers and High-speed Turbines. 


Present Suggested 
installa- installation. 
tion. 
Number of bolle TS: 
Double-ended 11 8 
Single-ended  ... ... ... 9 8 
Live steam : 
Pressure, lb. per sq. in. 
gauge 326 852 
Temperature, , deg. Fah. 680 840 
Speed of turbines, r.p.1m. 2,300 High-pressure stage, 
4,000 ; medium- 
pressure stage, 
2,700; low-pres- 
sure stage, 1,775 
Maximum output of machines, 
hia eke ice as . 120,000 180,000 
Length of boiler and machine 
rooms, feet . : 491 407 
Total weight ofw hole machine 
and boiler plant, including 
shafting, screws, all aux- 
iliaries, uptakes, funnels, 
water in boilers, piping, 
platforms, and coverings, 
tons... cos. seek (89808 7,280 
Unit weight of ‘plant, Ib. ae 
2 143 88 
Fuel consumption for all pur- 
poses, including auxiliaries, 
heating, cooking, and all! 
other applications, Ib. per 
BED alehe cas) es tik aka 0-68 0-57 


place. Uniformity of feed during sudden changes of load 
is as difficult to carry out by hand as it is important. 
Failing this, the feed becomes deficient or excessive, 
the water level gauge fails to indicate correctly, and the 
running of the auxiliaries suffers on account of the violent 
changes of pressure in the feed water system and boiler. 
It is, hence, clear that the evolution of marine plant 
will closely resemble that of generating stations, in which 
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automatic feed regulators have long been considered 
indispensable. At the same time, these regulators must 
be improved in due proportion to the increasing sizes and 
capacities of the boilers. 

Doubtless, it is only a question of time before oil 
firing on board ship will also be automatically controlled, 
leaving the firemen with the sole duties of watching the 
boilers and occasionally readjusting by hand. Completely 
automatic operation is of more value for heavily loaded 
than for lightly loaded boilers, for once-through boilers 
than for forced-circulation boilers, and for ships requiring 
fast manceuvring than for others. In spite of this, it does 
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Fic. 28 


Fic. 28 —Yarrow Boiler on Board S.S. ** Queen Mary.” 


square inch ; 


not prove to be of equal value for all boiler systems. 
The behaviour of a machine on board ship, in contrast 
with stationary service, is scarcely less important during 
faulty than during normal operation. Boilers with 
natural or forced circulation allow of easier transition 
from automatic to hand control and involve less danger 
of fatal errors of manipulation should the automatic 
apparatus fail than once-through boilers. Only when 
the steam generating plant is operated completely auto- 
matically do boilers and turbine become one “ unit,”’ 
and only then can the boilers assume the lead, as they 
logically should do, during manceuvring. The increases in 
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Fic. 31 


Fic. 31 
on Board 8.8 


first cost and complication of the plant caused by auto- 
matic control become less in proportion as the number of 
boilers and the number of burners per boiler are reduced. 
This fact favours the installation of few large steam 
generators and of high-capacity burners. 

(5) Weight and Size of Modern Marine Boilers.—The 
importance of unit weights should not be over estimated, 
for they are often calculated for arbitrarily selected 
furnace outputs and widely varying boiler efficiencies, 
and form only one of the important characteristics of a 
boiler. Notwithstanding this, when utilised with restraint 
they present satisfactory views of the general tendency 
and of what is attainable. Particulars of several types 





of installations are given in Table IV. 
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temperature, 640 deg. Fah.; output, 160,000-190,000 1b. per hour. 


“yO * St 


Unit weights have been extraordinarily reduced during 
the last twenty years by the adoption of improved designs, 
larger units, heavier furnace loadings, and higher velocities. 
From 7:1 tons in the ‘‘ Imperator ” (1912) the unit weight 
has been diminished to 3-9 tons in the “ Bremen” 
(1926), to approximately 2 tons in the “ Potsdam” 
(1934), and to 1-6 tons in the ‘“‘ Tannenberg”’ (1935). 
These reductions have been accompanied by improved 
efficiency. For example, the efficiency of the old Scotch 
boilers of about 7 tons unit weight amounted to 80-82 
per cent.; of the Johnson boilers in the ‘‘ Alcantara ” 
and the ‘‘ Empress of Britain’? (with unit weights of 
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FiG. 29 


Pressure, 400 1b. per square inch. Fic. 29 


Fic. 30 


2-4 and 3-6 tons, and flue-gas temperatures of 300 deg. 
and 240 deg. Fah.) to 91 and 92 per cent. respectively ; 
and of Velox boilers, over a very wide range of load, to 
90-92 per cent.t The boilers of the “‘ Bremen” are 
stated to operate at an efficiency of 86-88 per cent. in 
normal service. At furnace outputs of several hundred 
thousand British Thermal Units per cubic foot per hour, 
even boilers generating a comparatively small amount 
of steam, and including economiser and air preheater, 
offer the prospect of unit weights down to 0-8 ton. Values 
of 0-6 to 1-2 tons are cited for the Velox boiler, including 
gas turbine, compressor, and circulating pump. The 









Johnson Marine Boiler (Clark, Chapman and Co.). 






to approximately 460 cubic feet ; and in certain Customs 
cutters equipped with Wagner boilers (two boilers, each 
of 4 tons per hour) to approximately 200 cubic feet. 
These figures can probably be further diminished by the 
adoption of heavier furnace loadings, higher gas velocities, 
and larger boiler units. 

Two examples will suffice to show how great are the 
advantages of installing few, but large, boilers with 
heavily loaded furnaces, high gas velocities, and high 
pressures, even in comparison with the plants in modern 
ships. The alterations listed in Table III, according to 
Professor Bauer, would raise the capacity of the 








1 INTERNAL DIA 
IF EXTERNAL DIA. 


Swain Sc 


Fic. 30 


Pressure, 300 lb. per 
—Wagner Water-tube Boiler. 


‘** Bremen’s “ machinery from 120,000 to 180,000 H.P., 
while reducing the length of the boiler and engine-rooms 
from 491ft. to 407ft., and the weight of the whole power 
plant from 7763 to 7280 tons. 

By replacement of the twenty-nine Penhoét water-tube 
boilers in the ‘‘ Normandie’ by twelve Velox steam 
generators, the weight of the boilers without water filling 
and flues could be reduced from approximately 2900 tons 
to 900 tons, according to a statement by Messrs. Brown 
Boveri and Co. 

(6) Prospects for Various Types of Boilers on Board 
Ship.—Since the number cf special boilers in marine 
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Léffler Boiler on Board S.S. “‘ Conte Rosso.’’ Pressure, 1850 lb. per square inch ; temperature, 890 deg. Fah.; output, 23 tons per hour. 
** Kertosono.” 


Pressure, 850 1b. per square inch ; temperature, 840 deg. Fah. 
| 


unit weights of the various boiler systems with combus- 
tion under approximately atmospheric pressure cannot 
vary greatly between themselves, provided that the 
cost, sensitivity to alterations of load, reliability, efficiency, 
and power consumption of the blower are about the same 
unless some firm should succeed in considerably increasing 
the output of the furnace. Once-through boilers are 
essentially the lightest. The space occupied by the entire 
boiler plant per ton of steam amounts, in the ‘“ Tannen- 
berg ”’ (two boilers, each of 25 tons per hour), to approxi- 
mately 425 cubic feet; in the ‘‘ Scharnhorst” and the 
‘** Potsdam ”’ (four boilers, each of 46 tons per hour) 


+ All efficiencies are based on the lower calorific value. 





Fic. 32 


Fic. 32—Sulzer Single.tube Foiler 
; output, 21 tons per hour. 


service is small and the success of any design 
depends on the circumspection, constructive — skill, 
financial means, &c., devoted to it by the manu- 
facturers, failures should not be regarded’ too 
seriously without due inquiry, however much dis- 


appointment they may have caused. It is far better to 
investigate whether the trouble is not due to phenomena 
only loosely allied with the boiler design. In this connec- 
tion, it must be remembered that chance plays a much 
greater part on board ship than on land and may be 
far more disastrous in its consequences. Further, it 
should be borne in mind that the machinery must be 
capable of continued running even should important 
components fail or sea water enter the feed system, 
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Due to these circumstances and to the paramount import- 
ance of safety, many designs and innovations promising 
great advantages at first sight may fail to be successful 


turbine with either one or two automatically regulated 
boilers and installed in a separate water-tight compart- 
ment. 

The value of a boiler for fast ships therefore depends 
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mist, and in avoiding local ‘hot spots.” In large 
boilers with several burners, therefore, it may be 
especially advantageous to arrange the burners in 


opposite walls, since the turbulence caused by their 



































in the long run. 
Protection should not only be provided against the | largely upon whether it occupies little space, effectively | blowing against one another improves the combus- 
TaBLE IV.—Principal Proportions of Installations of Typical, Chiefly Fast, Merchant Vessels. 
| | | | | 
| Steam | | | } Steam Unit weight of 
| | supply | | | | production. complete __ boiler 
| } conditions. H and superheater 
| | | | in working order, 
Date | | Rotational speed |————- -| Boiler heat- including casing, 
of | | my of turbine, | | Boiler | ing surface | Furnace burners and boiler 
Name and build-| Output, | r.p.m.; rotational | No. | Type of | Type of |  out- Fy, and Internal | rating, water, per ton of 
No.| nationality of |ingor| H.P. speed ng of pro- | of water | boiler. put, total heat- | diameter | millions Per Per steam generated 
ship de- | peller, r.p.m.; and | Pres- | Tem- |boilers. | cireula- tons | ing surface | of boiler | of kilo- | square | square per hour. 
| livery.) | type of transmis- | sure, | pera- | tion. per Fy of boiler, | tubes, | calories | metre | metre |————— -----—— 
| | sion. atmos. | ture, | hour. / superheater, / mm. | per boiler total With. With 
| | | deg. | economiser, cubic | heating’ | heating out econo- 
} | | tt 7] and air pre- | metre. | surface, | surface, | econo- miser 
| heater, | kilos. kilos. miser or air 
| | | sq. m. | or air pre- 
| | | } | | pre- heater. 
| | | | heater. 
1 |‘ Imperator” | 1912 | 60,000— | nr=ng= 130-180 ; 16 | Satu-; 46 Natural | Vertical 9-0 410 | 38-45 0-5 | 22 13-7 a | 7-9 
(German) | 84,000 | direct coupled rated | tube 610 | | (air 
steam | | preheater) 
2 | “ King George v" 1926 | 3,500 | H.P.: np=6000 ; 38 | 435 | 2 | Natural | Vertical 7:7 Fg= 237 | 35 | 0-44 32-5 14-7 5-2 
(British) | L.P.: mp= 3000 ; | tube Fr= 526 | 
ng= 580 (2); 
} | reduction gearing | | | | | | 
3 | ‘* Bremen ” | 1926 | 96,000- nz = 1800-2300 ; 23 360 | 20* | Natural | Vertical} 17-5 Fy= 550 33-43 | 0-64 32 18-3 | 3-9 | 4-4 
(single-ended | | 130,000 | ng= 180-230 ; | | tube | Fy= 958 | (air 
boilers) } reduction gearing | | | | preheater) 
(German) | | | | | | | | 
4 |“ Uckermark”’ | 1930 | 6,000 | nr= 6000 ; 250 460 1 Once- | Benson 20-0 Fu 41 | 20 | 0-44 45 38 5-0 | 
(German) | | reduction gearing | | | through | | Fy 515 | ] 
| | | ! | 
5 |“ Brummer’ and| 1930 | 1,600 | H.P.: ny=21,000;| 50 425 | 2 | Natural Wagner} 4:0 | Fa 50 | 18-24 | 2-15 80 28 0-7 | 0-8 
‘* Bremse ” L.P.: np=9600; | } Fr— 143 | (air 
(German) | Mg=805 ; | | preheater) 
| reduction gearing | | | | 
6 | “ Conte di } 1931 | 100,000— | H.P.: np=2260 ; 31-5 | 385 | 10 | Natural | Vertical | 30-40 Fg= 1250 33-43 0-35 24-32 912 - | 6-8 
Savoia ” | 130,000 | L.P.: mp= 1640 ; | | tube | Fy =3460 | (air 
(Italian) | | Ng = 223-242 ; | | | | preheater) 
| reduction gearing | | | | 
7 | * Tannenberg ” 1934 12,500 | H.P.: np=18,000;| 60 450 2 | Natural | Wagner | 25-0 | Fe 300 | 30-40 0-90 | 83 26 1-6 | 
(German) | I.P.: nmp=15,700; | | } |} Fs 959 | (air 
| | L.P.: np= 6500 ; | } | | | | | | | preheater) 
ng = 250 ; | | | | | | 
reduction gearing | | 
| | | | | 
8 | “Scharnhorst ’’ | 1934 | 26,000 | ny = 3120 ; | 50 470 | 4 Natural | Wagner | 36-0 | Fy= 650 30-40 | 0-81 55 OS 19 2-5 2-8 
(German) | 32,600 | ng= 130; | | | | | Fr=1898 | 
| | electric | | | | | 
| } 
9 | “‘ Potsdam ” | 1934 | 26,000 | nz = 3200 ;s | 90 470 4 | Once- | Benson | 24-98 | Fy= 340 | Radiation) 1-0-1-2| 70-82 41-47 | 2-1 1-8| 
| (German) | | ng= 160; | through | | | Fs= 590 | part, | | (air 
} | electric | } } | | 25-33 ; | | preheater) 
} | | | | | | | convec- | | | 
| | | } | | tion part, | 
\ | | } 22-28 } 
| | | | | | | | } 
10 “Gneisenau” | 1934 | 26,000- | nr=3120; | 50 | 470 | 4 |Natural| Wagner; 36-5 Fa= 607 | 30-40 1:04 | 60 | .20 2-5 | 2-8 
(German) 32,600 | ng=130 ; } | | | Fy =—1807 | } 
| electric } | | | } 
| | | | 
aij“ Normandie ” 1934 | 130,000- | np=2250-2430 ; | 28 360 29 =| Natural| Vertical} 25 | Fq=1000 | 33-45 25 | 4-8 | 
| (French) | ; 160,000 | ng= 225-248 ; } | tube | | Fy | (air 
| electric | | | | preheater) 
| | | | 
12 | ** Kertosono’’+ | 1935 | 5,800 | H.P.: np=3540 ; 60 375 1 | Once- Sulzer | 21 | 
(Dutch) | | L.P.: mp=3540; | | through | mono- | } | 
} | L.P.: np=2330; | | | tube | | | 
| Ng= 100 ; | } | 
| | reduction gearing | 4 | 
| | | 
13 | “* Conte Rosso”? | 1935 | 21,750 - | 130 475 1 | Forced | Léffler | 23 Fy=169 |Radiation) 0-65 135 | 18-5 | 2-46 2-95 
(Italian) | | | } | circu- | } | Fys—1237 | part, 26; | 
| | | | | lation | | | resuper- | } 
| | | | | heater, | | | 
| | 34-5; | 
| | | ec’miser, 
| | 23 
i ' 
14 | ** Athos ” | 1936 | | - 50 =| +450 | l Forced Velox 35 Fua= 76 4:2 | 460 120 | 1-4 
(French) | | | circu- | | Fs 289 | | } (econo- 
| lation | } miser) 
j | | | } | 
15 | “ Queen Mary ” 1936 | 200,000 | Reduction gearing | 28 | 370 | 24 Natural | Yarrow -- - - | 
| | | 
| | 
| | } 


| 





effects of faults, but also against their occurrence. In 
this connection, it is often advisable to avoid record 
efficiencies, resuperheating, and other features which 
complicate the plant without offering due return. 

For the same reason steam temperatures exceeding 
840-860 deg. Fah. are not generally to be recommended 
at the present time. A pressure of 850-1000lb. per 
square inch, which can safely be met with natural-circula- 
tion boilers, corresponds very well to live steam of 
840-860 deg. Fah. Competition thus centres mainly 
between natural and forced circulation, the prospects 
of the latter depending on the skill of its designers in 
taking advantage of the possibilities offered by high 
gas velocities and furnace outputs. In this respect 
forced-circulation boilers consisting of narrow-tube 
coils are only at the beginning of their evolution. They 
have no easy position to hold against natural-circulation 
boilers, due to the unsurpassed simplicity of the latter 
and their complete independence of external auxiliaries. 
Supercharged boilers are especially to be considered 
where very light weight, automatic regulation, and very 
high efficiency over a wide range are particularly necessary. 
‘** High-velocity ’’ boilers are recommended when small 
size, light weight, simplicity, and moderate price are 
required. 

The Future.—If it is possible to make large boilers as 
reliable as those of usual capacities, the safety and ease 
of manceuvring of multi-screw ships can be much 


enhanced by dividing the whole machine plant into 


* 11 double-ended boilers, 9 single-ended boilers. 





consisting of a 


several fully automatic units, each 


utilises the fuel, is of low weight, reliable, and long-lived, 
even when working with very heavy furnace outputs 
for many hours ; upon whether it is insensitive to faults 
in the firing, and to the occasional entry of sea water 
into the feed system; upon whether it can easily be 
adapted to local conditions; and upon whether it is 
suited to high outputs and is capable of taking up sudden 
falls of load in a flexible manner. But the factor of 
primary importance in the design of light, compact 
boilers must always be high gas velocities, heavily loaded 
and suitably shaped furnaces, and burners of very great 
efficiency. 

Valuable contributions have been made to the design 
of oil burners during the last few years. But if large 
marine boilers are to be operated over periods of many 
hours at furnace loadings of several hundred thousand 
British Thermal Units per cubic foot per hour and at 
efficiencies of approximately 90 per cent., better atomisa- 
tion and distribution of the oil in the combustion air will 
be required than hitherto. Higher oil pressure, better 
designed and more suitably placed burners, and intensive 
flame turbulence are just as indispensable as a design 
of furnace which allows of efficient and reliable liberation 
of the vast quantities of heat. The furnace must be 
extensively lined with cooling surfaces and great emphasis 
must be laid on avoiding locally overloaded areas within 
these surfaces exposed to the full heat of the flames. 
Larger furnaces involve greater difficulties in fully utilising 
the whole combustion chamber, in attaining uniform 
distribution and homogeneity of the air and oil 





t The boiler is installed in addition to the existing boilers carrying a lower pressure. 


tion, and balances any local deficiency or excess of 
air. 








LAUNCHES AND TRIAL TRIPS. 


Port Jackson, motor ship; built by Swan, Hunter and 
Wigham Richardson, to the order of Port Line; dimensions, 
495ft. 6in. by 68ft. 3in. by 41ft. 6in.; 10,500 tons deadweight. 
Engines, twin-screw four-cylinder opposed piston, 10,200 B.H.P.; 
constructed by Barclay, Curle and Co., Ltd. Launch, November 
26th. 








PERSONAL AND BUSINESS ANNOUNCEMENTS. 


Hick, HARGREAVES AND Co., Ltd., Bolton, announce that 
Mr. John Aspinall has been elected a director of the company. 


W. T. Hen tey’s TereGrarpx Works Company, Ltd., has 
appointed Mr. C. W. K. Pennett as manager of its Southampton 
branch in succession to the late Mr. A. Boeree. Mr. Pennett 
has been in the company’s service for twenty-four years. 


Routs-Roycsr, Ltd.. informs us that the chairman and 
directors have appointed Mr. Hugh K. M. Kindersley, managing 
director of Lazard Bros. and Co., Ltd., to fill the vacancy created 
on the board by the death of Lord Wargrave, P.C. Mr. 
Kindersley, apart from his financial and commercial experience, 
holds an air pilot’s certificate and has for some years been 
interested in the development of the aircraft industry. 
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Markets, 


The prices quoted herein relate to bulk quantities. 


f.o.b. steamer. 


Piling for Mohammed Aly Barrage. 


Considerable comment has been aroused by the 
circumstances of the reeent sale by a works in the Belgian 
Ougree Marihaye group of 14,000 tons of steel sheet piling 
of the universal type to Macdonald, Gibbs and Co. (Engi- 
neers), Ltd., the public works contractors, who have 
secured the contract for the Mohammed Aly Barrage in 
Egypt. When it became known that some Continental 
makers had quoted very low prices for this piling several 
of the English steel makers through their export sales 
organisation endeavoured to reach an arrangement with 
the Continental Cartel whereby a proportion of the contract 
would become available for rolling in England, the balance 
to be executed on the Continent at a higher price than 
had been suggested. This effort, however, failed owing to 
the action of a Belgian works in acting independently. 
It is understood that these works offered to supply the 
piling at a price of £5 14s. 6d. per ton, and eventually 
accepted £5 10s. The particular pattern of steel sheet 
piling required was L5in. by Sin. rolled steel joists used in 
conjunction with a locking bar, which is in effect a small 
girder section of about 6}in. high with the flanges bent 
round into a regular curve, which is driven in a manner to 
connect two adjacent steel girders. The material is to be 
supplied in accordance with tests and for the inspection of 
a firm of consulting engineers, and it is stated that accuracy 
of rolling is particularly important. It is pointed out that 
the piling has been sold at a price which is below that of 
ordinary trade quality steel joists, in spite of the fact that 
no serious competition was to be expected. Even the 
Royal Hungarian Steel Works, which has a reputation 
for cutting prices when it wishes to secure an order, asked 
nearly 20s. per ton higher than the figure at which the 
contract was closed. It was generally expected that the 
steel requirements would be the subject of some arrange- 
ment between the British and Continental steel works, 
and considerable surprise was felt when details of the trans- 
action were disclosed. According to reports which have 
been circulated in the market, Thomas steel will be 
accepted for the contract. Piling is not included in the 
materials controlled by the Cartel, and is therefore outside 
the agreement between the British steel makers and that 
organisation. No action, therefore, could be taken to 
restrain the works concerned, much to the annoyance of 
the British and Continental steel makers. 


The Pig Iron Market. 


Conditions in the pig iron market remain un- 
satisfactory, and notwithstanding the heavy production 
output is insufficient to meet consumers’ requirements. 
The makers claim that no consumer has actually gone 
short of iron, but there is no doubt that they are in a 
constant state of anxiety with regard to their supplies, 
and in most cases are living from hand to mouth. The 
most interesting development of the market during the 
past week has been the increase in the prices of foundry 
iron. This took place on November 27th, when the quota- 
tion was raised for all grades by 6s. per ton, except in the 
case of Scottish foundry iron, for which the price was 
raised 9s. This brings the quotation for Cleveland No. 3 
foundry to 81s. d/d Teesside and 84s. d/d Falkirk ; for 
Northamptonshire and Derbyshire No. 3 to 83s. 6d. and 
86s. respectively d/d Black Country stations. Although 
the movement did not take the market by surprise, it is 
regarded with disfavour by users of foundry iron in view 
of the existing stringency in the market. Not long ago 
it was generally believed that quotations would be left 
unchanged until at least next March. It is argued by the 
makers that the increase in costs,- particularly the rise in 
the price of coke, justifies the upward movement. The 
announcement by the Government on the second reading 
of the Railway Freights Rebate Bill that blast-furnace 
material would not receive the benefit of the rebates 
which have hitherto been allowed was no doubt another 
factor which led the producers to increase their prices. 
It is considered that the cessation of these rebates, which 
have been paid since the De-rating Act was passed, will 
make a difference of 3s. per ton on pig iron. For the last 
week or two most sellers of foundry iron have required a 
premium of 5s. per ton, but the furnaces have been so 
heavily booked that few makers have been in a position 
to accept new business. The situation in the Cleveland 
market remains tight, but it is hoped that early in the 
New Year the make of Cleveland iron will be increased 
by the output of an additional furnace. In the mean- 
time, the shortage is so acute that irons of special analyses 
are being used to an increasing extent as a substitute for 
No. 3 foundry. In Scotland the demand for foundry pig 
iron absorbs the whole output, and in some cases producers 
are getting into arrears with their deliveries. 


The Midlands and South Wales. 


The activity in the Midland steel trade is unpre- 
cedented and the difficulty of obtaining adequate supplies 
of steel seems to be increasing, although the whole output 
of the steel works is passing at once into consumption. 
The situation in the structural steel section of the market 
is particularly tense and several makers are not in a 
position to accept fresh business as their output is booked 
up for several weeks to come. This has caused embarrass- 
ment to constructional engineers, most of whom have more 
work in hand than for years past. In fact, the business 
activity in the Midlands is reflected in an increasing 
volume of work in the shape of new buildings and factory 
extensions. The outlook, therefore, so far as joists, 
sections, and plates are concerned, gives little hope that 
present troubles will be alleviated in the near future. 
In the semi-finished steel department there is considerable 
pressure on the part of consumers to obtain delivery, 
although the situation has been improved by recent 
importations. The re-rollers, however, complain of the 


it would appear that there is little of this material coming 
upon the open market. Some of the works are also behind 
in contract deliveries, and are unwilling to accept new 
business, even when it comes to renewing old contracts. 
So well booked are the re-rollers that their demands will 
probably expand rather than diminish in the coming 
months, and the situation with regard to supplies of semis 
is causing considerable anxiety. Quotations are un- 
altered for small bars at £9 7s. d/d, the export price being 
£8 2s. 6d., although a number of makers are asking up to 
£8 7s. 6d. f.o.b. The quotation for strip is also firm at 
£10 2s. basis for 4-ton lots, not less than 1 ton of a size. 
A steady business is passing in steel for the collieries, 
and the long - expected advance in prices: has been 
announced. The quotation for arches has been raised 
10s. to £9 12s. 6d. for heavy and £9 7s. 6d. for light ; 
whilst roofing bars, 5in., are now quoted at £8 10s. The 
price of bridge rails also has been increased, also by 7s. 6d. 
to £8 15s. In South Wales the activity of recent months 
is well maintained, and it is interesting to note that this 
year to the middle of November the imports of iron ore 
totalled 822,000 tons, an increase of 225,000 tons. The 
tin-plate industry is busy, and lately there has been con- 
siderable buying in anticipation of an increase in prices. 


The North-East Coast and Yorkshire. 


Although the steel works on the North-East 
Coast are producing at capacity the output is not suffi- 
cient to satisfy the needs of the consuming industries. 
Specifications against existing contracts reach the works 
in greater volume than the manufacturers can deal with, 
and no impression is being made upon the accumulated 
arrears of deliveries. Naturally, this provokes irritation 
amongst consumers, but it is difficult to see how the 
position can be improved, whilst the present demand 
exists, unless increased quantities of foreign finished steel 
material are imported. The constructional engineering 
industry has an enormous amount of work in hand and 
in prospect, partly for the Government and partly for 
private firms. For some time complaints have been heard 
that jobs have been held up for want of the necessary 
structural steel, and in this respect the position does not 
seem to be improving. The recent orders for ships which 
have been placed on this coast will lead to an increase in 
the demand for sections as well as for plates, and it seems 
probable that the congestion at the works will be a con- 
spicuous feature of this section of the industry for a long 
time. All the plate makers have their output booked for 
some weeks ahead, and the periods required for delivery 
show a tendency to lengthen. It is not anticipated that 
the withdrawal of the special 10s. rebate on ship plates 
allowed shipbuilders will affect the demand, and the 5s. 
rebate on sections is to be continued. The producers of 
semi-finished steel are hard pressed, although some relief 
has been afforded by the increased imports of Continental 
billets. It is understood that the British Iron and Steel 
Federation have asked re-rollers to give an estimate of 
their probable requirements for the next six months, with 
a view to increasing imports. Foreign supplies, however, 
may run rather short, as the Continental industries are 
absorbing a larger proportion of their home production 
than earlier in the year. In the Yorkshire district the 
active conditions continue to rule. A feature of the 
position in Sheffield lately has been the growth of the 
demand for special and stainless steels. Of the latter, large 
quantities are passing into consumption in the form of 
sheets, strip, and bars, whilst manufacturers of A.I.D. 
inspected steels for the aircraft industry find it difficult 
to meet their customers’ requirements. 


Current Business. 


The whole of the property comprising the 
Kilnhurst Collieries, brickworks, cottages, and other 
assets, has been acquired from Stewarts and Lloyds, Ltd., 
by the Tinsley Park Colliery Company, Ltd. The purchase 
price has been satisfied as £250,000 in cash and £60,000 
in ordinary stock of the company. A contract has been 
placed by Richard Thomas and Co., Ltd., in connection 
with their Ebbw Vale reconstruction scheme, for a large 
boiler plant, with Simon-Carves, Ltd., Cheadle Heath, 
Stockport. The installation will include three Simon- 
Carves multiple-drum type boilers, each with a maximum 
continuous rating of 100,000 lb. of steam per hour. The 
company has also placed a contract for the construction 
of a modern coke oven and by-product recovery plant, 
comprising a battery of sixty-five ovens, capable of pro- 
ducing 330,000 tons of blast-furnace coke per year. An 
order has been placed with the Woodall-Duckham Com- 
pany, Ltd., London. Work has been commenced on 
the boiler shop of the Palmer Works, Jarrow, to prepare 
it for the installation of plant in connection with the new 
tube works which is expected to be producing by the 
spring. Davy Brothers, Ltd., Sheffield, who recently 
undertook extensions to their engineering shops at Darnall, 
have decided to make additional extensions which will 
double the area of the new premises. The Mirrlees Watson 
Company, Ltd., Glasgow, has received an order from the 
Argentine for three 13}ft. and one 11}ft. vacuum pans 
to a new design, for sugar boiling. The High Power 
Aeronautical Engineering Company, Ltd., is to reopen 
the Arrol-Johnston Motor Works at Heathhall, Dumfries, 
for the production of aero-engines and engines for high- 
speed motor boats. The Department of Overseas Trade 
announces that the following contracts are open for 
tender :—New Zealand Public Works Department : 
Three miles of l}in. cireumference guy wire, having a 
breaking strain of not less than 9-9 tons; 650 galvanised 
iron split thimbles ; 3120 galvanised steel bulldog grips 
(New Zealand, January 12th, 1937). Melbourne City 
Council: One 5500-kW C.M.R. type steam turbine, with 
spares, to drive an existing alternator, or one 5500-kW 
turbo-alternator with condensing plant to generate 50-cycle 


Notes and News. 


Unless otherwise specified home trade quotations are delivered f.o.t. 
A comprehensive list of the prices of materials mentioned below will be found on the next page. 


Export quotations are 


Copper and Tin. 


The surrounding conditions during the past 
week have been unfavourable to the copper market, which 
readily reacts to political unsettlement and weakness in 
the share markets. Notwithstanding this, prices for elec- 
trolytic copper have been well maintained, although the 
volume of buying has perceptibly declined. This is searcely 
to be wondered at, as most consumers bought heavily 
during the first part of November. The consumption of 
copper, however, is on a good scale and whilst it may take 
a few weeks to absorb the supplies then purchased, there 
is no reason to suppose that there will be any slackening 
in the rate of production of finished materials. Little 
doubt is felt that a proportion of the recent sales repre- 
sented stock replenishment by users; but it is unlikely 
that they will again allow their reserves to fall so much 
below the normal. It is anticipated, therefore, that the 
present quietness in the demand will not be unduly pro- 
longed. Lately Government Departments in this country 
have bought fair quantities, and last week the Mint was in 
the market for 400 tons. The producers are not free sellers 
at the moment, as most of them have committed them- 
selves rather heavily, but the recent increase in pro- 
duction should soon make itself felt in the market. It is 
said that the refineries in the United States which purchase 
their raw copper are finding it difficult to get full supplies. 
A steady tone has ruled in the standard copper market, 
although now and again profit taking has caused some 
price fluctuations.... The past week has been rather 
uneventful in the tin market, and although there has been 
a tendency for prices to advance, fluctuations have been 
within rather narrow limits. An interesting feature of the 
market has been the reduction in the backwardation, 
which fell to 5s., but afterwards increased to £1. This 
may be taken as an indication that some of the increases 
in production which have been sanctioned during the past 
few months are at last beginning to influence the market. 
The statistics for November show an increase in the visible 
supply of 4937 tons to 18,264 tons, whilst the United 
States deliveries were 5345 tons and the deliveries in Great 
Britain 934 tons. 


The Lead Market. 


It is generally admitted that the prices of lead 
have ruled at a high level and the relapse this week 
was not unexpected. Nevertheless, the market has a 
confident tone and the general impression seems to be 
that the setback is of a temporary character. There 
is no doubt that part of the upward movement has been 
due to rather excessive speculative activity, and this later 
on may prove a source of weakness. The consumptive 
demand in this market, however, is on such a scale that 
although profit taking may result in minor reactions, it 
is not anticipated that any serious set-back in values will 
occur. Practically all the consuming trades are well 
employed and in some cases have orders on their books 
sufficient to keep them busy for some months to come. In 
view of the comparatively limited supplies it would seem, 
therefore, that the position in this market is satisfactory. 
Some relief has been afforded the tightness in the prompt 
position by fresh arrivals, and although there is a slight 
backwardation in the market, it is not sufficient to cause 
any apprehension. Continental requirements have 
increased considerably of late, and this has accentuated 
the effect of the restricted supplies from Spain. American 
figures give the world’s production of refined lead in 
October as 128,773 tons, compared with 118,565 tons in 
September. 


Non-ferrous Metal Average Prices. 


For the third month in succession the London 
Metal Exchange average prices of copper, tin, lead, and 
spelter show an advance. The upward movement in the 
copper market in the early part of November is refleeted 
in a rise in the average price of £2 19s. ld. on cash and 
£3 2s. 7d. on three months’ metal, compared with the 
October average, whilst the average quotation for electro - 
lytic copper is £3 4s. and for wire bars £3 4s. 8d. higher. In 
the case of tin, also, a substantial increase of £29 13s. 8d. 
is indicated in the average for cash tin for November, 
whilst for three months’ tin the quotation is higher than 
October to the extent of £30 3s. 10d. The strong con- 
ditions which ruled in the lead market during last month 
resulted in an increase in the average price for shipment 
in the current month of £3 5s. 6d., whilst for shipment in 
the third following month the average was £3 6s. 4d. 
higher, the mean being £3 6s. above the average for 
October. The rise in the price of spelter was not so pro- 
nounced, but for current month shipment the average was 
£1 15s. better than for October, whilst for shipment in the 
third following month the increase was £1 14s. 4d. The 
average mean quotation was £1 14s. 8d. above that for 


October. The following are the official London Metal 
Exchange average quotations for November :— 

STANDARD CopPER ... Cash (mean) ... £43 19 5} 

3 Months (mean) £44 6 Ty 

Settlement £43 19 78 

ELECTROLYTIC CoPPER (mean) £48 14 634 

ELECTROLYTIC WIRE Bars £48 19 94 


Brest SELECTED CopPpER (mean) ... ... ..- £48 8 1} 








difficulty of obtaining English soft untested billets, and 


energy at 6000/6600 volts (Melbourne, January 11th, 1937). 





STANDARD TIN . Cash (mean) ...  . £231 0 112 
3 Months (mean) ... £229 5 10 
Settlement : £231 O 112 
( For shipment the current month ... £21 14 5% 

For shipment the third sad Sup 
sical month £21 13 102 
Mean .... £21 14 2 
| Settlement ... £21 14 94 
( For shipment the current month... £16 6 OF 

| For ae the third d following 
SPELTER month £16 11 04 
Mean £16 8 63 
| eee oc £16 6 O08 





THE -ENGINEER 





Dec. 4, 1936 








Current Prices for Metals and Fuels. 


Makers’ official home trade prices per ton, delivered buyers’ stations. 
sections, 


British Steelmakers: joists, 22s. 6d.; plates and 
PIG IRON. 
Home. Export. 
(D/d Teesside Area) 

N.E. Coast— &..8., a. ty 
Hematite Mixed Nos.*.. 4 5 0... 314 6 
No. 1 ghee, a gig mer Bin. 315 0 

Cleveland. (Dd Teesside Area) 
No. 1 Konan die lewis nck eile eee Oe 
No. 3G.M.B...  . oe 2 ee 
No. 4 Forge 3 11 0 
Basic (Less 5)— rebate)... 315 O . 


MIDLANDS 


Staffs. (Delivered to Black Country Staéion) 
North Staffs. Foundry £8 6... 
= “| ee oe 
Basic (Less 5/— rebate)... 315 0... 
Northampton- 
Foundry No.3 .. .. 4 3 6 
Forge 318 6 
Derbyshire- 
No. 3 Foundry sia ale 
ae Se ee 
ScoTLanD— 
Hematite, f.o.t.furnaces* 4 5 6 
No. 1 Foundry, ditto 410 6 
No. 3 Foundry, ditto 4 8 0 


Basic, d/d (Less 5/— rebate) 3 15 0 


N.W. Coast— ( 45 6 
Hematite Mixed Nos.*..- 4 11 0 ,, 
WT ae pelt 


* Less 5 — rebate. 


MANUFACTURED 


Home. 
Lancs. AND YORKs. Sa. dé. 
Crown Bars 10 10 0 
Best Bars ip @O>@ i. 
MipLanps— 
Crown Bars _" 10 10 O.. 
Marked Bars (Staffs.) 13 0 0 
No. 3 quality > Neg ek WR 
No. 4 quality tsi wor 
ScoTLaND— 
Crown Bars 10 10 0 
Best. . 2: eS ®@ 
N.E. Coast— 
Common Bars 1010 O.. 
Best Bars : Me Oi cs 
Double Best Bars 1110 0 
NORTHERN IRELAND AND FREE STATE 
Crown Bars f.o.q. . . 17 4... 
STEEL. 
Home. 
LONDON AND THE SOUTH & sa. d 
pe ~ eed 
Tees. . 10 2 6 
Joists 910 0 
Chemels.. .. 0 .«. 4) #,4.8 
Rounds, 3in. and up 10 2 6 
under 3in. a Fos 
Flats te Ge ie 
Plates, jin. (basis 912 6 
isin. $444 4 
fin. 10 2 6 
99 fsin. 19 7 '6 
Un. #& to tin. incl. 10 0 0 
Boiler Plates, 3in. °°? Ss 
NorTH-East Coast— S a: a. 
Augies «26 4 il 6h BPO 
Tees... 10 0 0 
Joists Sa: yew ped ae ee Sar 
Channels. . 9 & 0 
Rounds, 3in. and up 10 0 0 
ander 3in. 2 BS 2 
Plates, jin. (basis) .. 9 7 6.. 
frin. 912 6. 
fin. o 27° '8 *... 
- cee shop io 2. 6... 
Un. # to fin. incl. 915. 0:. 
Boiler Plates, jin... O27 © .< 
MIDLANDS, AND LEEDS AND DistTRICcT— 
eae d 
Angles 9 0 0 
Tees. . 10 0 0 
Pe se”. ac eeree-@ 
Channels... .. 9 5-0 
Rounds, 3in. and up 10 0 0 
under 3in. wi Be 
Flats, 5in. and under .. 9 7 O 
Plates, #in. (basis) 910 0 
» © in. 915 0 
a fin. 10 0 0 
fein. 10 5 0 
Un. % to fin. incl. 915 0 
Boiler Plates, fin. 10 0 0 


d d Glasg¢ aw 


Sheffieid 
Birmingham 


TRON. 


Export. 
ie ae 
i0 0 0 
10 12 6 
10 0 0 
1210 0 
10 0 0 
10 12 6 
10 O 0 
10 12 6 
11 10 O 


Export. 


Ss. &. 
s 9's 
*9 0 O 
*8 0 O 
*8 5 0 
*9 0 O 
8 2 6 
8 2 6 
Bs § @¢ 
810 0 
78 15 O 
+G$ 0 O 
910 O 
$17 6¢ 
£ sa 
*g 0 90 
*9 0 (OO 
*8 0 0 
*§ 5 0 
*9 0 0 
ae ee 
rs 5 O 
78 10 O 
78 15 O 
oO! @ 
910 0 
817 6 


*s 0 O 
*79 0 0 
*8 0 0 
*8 5 0 
*9 0 0 
8 2 6 
8 2 6 
“8 5 O 
78 10 O 
78 15 O 
9:10 O 
9 0 0 
eH s 











15s. *For Markets other than 


STEEL (continued). 


ndia, 


Home. Export. 
GLASGOW AND DistrRIcT Ps 2s. 4. 
Angles .. .. ey: ee *8 0 0 
Tees. . 10 0 0O *9 0 0 
Joists... , niga 35: i chy *8 0 0 
Channels... .. : oi Sckbio® *8 5 0 
Rounds, 3in. and up 10 0 0 *9 0 0 
under 3in. vi BB oseas 8 2 6 
Flats, 5in. and under . te 8 2 6 
Plates, jin. (basis) .. 9 7 6 iS 5 O 
o dim. 35. vig 43S fs lo O 
Sih.) dre seit iG iS 15 0 
fin. . : 10 2 6 79 0 0 
Un. ¥ to fin. incl. Sto Grae. 1) 910 0 
Boiler Plates, jin... es ehh 8 17 6 
Sourn Wares AREA ©. 1a. £ a..& 
Apnea. 0 ns sic So Oo *8 0 0 
Tees.. 10 0 0 *9 0 O 
Joists 9 7 6 *8 0 0 
Channels... .. io. Wd Gy *8 5 0 
Rounds, 3in. and up lo 0 0 *9 0 0 
a under 3in. ie NO: oe 5 8 2 6 
Flats, 5in. and under 7S Se: ¢°s 
Plates, in. (basis). . ~ oo oe is 5 O 
- fin. 915 0 810 0 
i }in. 10 0 0 815 O 
” fein. 10 5 0 9 0 O 
Un. ¥% to }in. inel. lo 0 0 910 0 
IRELAND—F.0.Q. BELFAST. Rest oF IRELAND. 
a 2 3. & 
Angles .. . 9 56 O.. TG BS 
Tees. . 10 5 0 10 7 6 
ee ; ww Grh®s @. 915 0 
Channels. . 910 0 912 6 
Rounds, 3in. and up 1 Pe; 10 7 6 
under 3in. i Se sss 
Plates, jin. (basis) . 912 6 79 15 0 
er <i MAT SB flO 0 0 
jin. 10 2 6 710 5 0 
ae frin. .. 10 7 6 flO 10 0 
Un. ~ to din. incl. 1S" &.. 10 5 0 
OTHER STEEL MATERIALS. 
Home. Export. 
Sheets. £ s. d. £..¢04 
14-G. to 20-G., dd 11 15 O 10 10 O 
21-G. to 24-G., d/d 12 0 0 10 5 0 
25-G. to 27-G., d/d 12 12 6 11 10 0 


South Africa, 24-G. Basis £10 is. 


0d. 


The above home trade sheet prices are for 4-ton lots and over ; 
2-ton to 4-ton lots, 10s. per ton extra; and under 2-ton lots, 


30s. per ton extra. 
Galvanised Corrugated Sheets, Basis 24-G. 
Home. £s.d 


4-ton lots and up .. 14 0 0 
2-ton to 4-ton lots 14 7 6 
Under 2 tons 16 0 0 


Export: India, £12 15s. to £13 2s. 6d. c.i.f. ; South Africa, 
£12 10s. f.0.b., plus 3 p.c. invoice value ; Australia and 
Rhodesia, £12 lis. 6d. f.o.b.; Irish Free State, 
£14 Os. f.0.q.; General, £12 15s. f.0.b. 

Tin-plates. 

20 by 14 basis, f.o.b. Bristol Channel Ports, 18s. 9d. 

Tin-plate Bars, d d Welsh Works, £6 0s. Od. 

Billets. £.s.d 

Basic (0-33% to 0-41% C.) ‘ de Bak 

» Medium (0-42%to0-60% C.).. 715 0 
Hard (0-61% to 0-85% C.) 8. 5-0 
(0-86% to 0-99% C.) 815 0 
A (1% C. and up) 9 6&6 O 
Soft (up to 0-25% C.), 500 tons and up 6 2 6 
Rails, Heavy, 500-ton lots, f.o.t. 810 0 
py LB a0. tod 9 710 O 
FERRO ALLOYS. 
Tungsten Metal Powder. . 3/14 per lb. 
Ferro Tungsten 3/— per lb. 
Per Ton. Per Unit. 
Ferro Chrome, 4p.c.to 6p.c.carbon £21 10 0 7/- 
o - 6 p.c. to 8 p.c. £21 0 0 7/- 
8 p.c. to 10 p.c. £21 0 0 1 
, oa Specially Refined .. 
pe Max. 2 p.c. carbon £33 10 0 1l/- 
” ” »  ip.c. carbon £36 5 0 11/- 
9 0-50 p.c. carbon £37 5 0 12/- 
‘9 - » carbon-free 94 per lb. 
Metallic Chromium 6 aie eit ere! a CR 
Ferro Manganese (loose), 76 p.c. £11 15 0 home 
» Silicon, 45 p.c. to 50 p.c. £11 15 Oto£l2 5 O 
scale 5/— p.u. 
75 p.c. £16 17 6tof£l7 7 6 
scale 6/- p.u. 
Vanadium a8 * 12/8 per Ib. 
» Molybdenum... -.;' .- 4/6 per lb. 


9d. per Ib. 


Titanium (carbon free) 
Nickel ( per ton) 
Cobalt 


£200 to £205 
7/- to 7/1 per Ib. 





per ton must 


Sections, joists and plates are subject to a rebate to home users purchasing only from associated 
Australia and New Zealand, 5s. 
{South Africa 5s. and Foreign Markets 2s. 6d. higher. 


be added. 


NON-FERROUS METALS. 


(Official Prices, December 2nd). 


COPPER 
Cash .. £43 6 


Three months . £43 12 


Electrolytic .. .. . ” £48 0 
Best Selected Ingots, d/d Bir- 

mingham .. .. £38 
Sheets, Hot Rolled £77 


Tubes, Solid Drawn (basis) 113 
»  Brazed (basis) 11} 
Brass 
Ingots, 70/30, d/d Birmingham £34 0 


Tubes, Solid Drawn, 2/1 Alloy 104 
r: Brazed. . 124 

Tix 
Cash . £23 5 0 
Three Months .. £230 0 0 
LEAD : £22 15 O 
SPELTER : £16 5 OO 
£100 


Aluminium Ingots (British) .. 


FUELS. 
SCOTLAND. 
LANARKSHIRE 
(f.0.b. Grangemouth) 
Hamilton Ell 
Splints 


Navigation Unscreened 


AYRSHIRE 


(f.0.b. Ports)—-Steam 


FIresHIRE— 

(f.0.b. Methil or Burntisland) 
Prime Steam .. ‘ 
Unscreened Navigation 

LorHians— 
(f.0.b. Leith)}—Hartley Prime 


3to £43 7 6 
6to £43 13 9 
Oto £48 10 0 


15 0 
0 0 
Home. Export. 
d. tigd. 
d. 11}d. 
Oto £36 0 U 
Home. Export. 
d. 104d. 
d. 124d. 
to £231 15 0 
to £230 5 0O 
to £22 13 9 
to £16 ll 3 
to £105 
Export 
15/— to 15/6 
16/6 
19/- to 19/6 
15 
15/6 to 15/9 
14/6 to 15/— 
14,9 to 15/- 
14/3 to 14/6 


Secondary Steam .. 


ENGLAND. 

YORKSHIRE, MANCHESTER 

B.S.Y. Hard Steams 

Furnace Coke 
NORTHUMBERLAND, NEWCASTLE 

Blyth Best 
Second. . 
Best Small .. 


Unsereened 


DuRHAM— 
Best Gas. . 
Foundry Coke 4 ; 
Inland. 


SHEFFIELD— 
Best Hand-picked Branch 27/6 to 29/6 
South Yorkshire Best 24/-— to 30/- 
Seconds 21/— to 22/- 


CARDIFF— SOUTH WALES. 
Steam Coals : 
Best Admiralty Large 
Best Seconds 
Best Dry Large 
Ordinaries 
Bunker Smalls 
Cargo Smalls . . 
Dry Nuts 
Foundry Coke 
Furnace Coke 
Patent Fuel 


SwaNnsEA— 
Anthracite Coals : 
Best Large .. .. . 
Machine-made Cobbles. . 
Nuts 
Beans 
Peas Pe 
Rubbly Culm.. 
Steam Coals : 
Large Ordinary 


FUEL OIL. 


Inland consumption ; contracts in bulk. 


Exclusive of Government tax of 1d. per gallon. 


Ex Ocean Installation. 
Furnace Oil (0-950 gravity) 
Diesel Oil secre LAtixe VION 





19/6 to 23 
19/— to 24 
17 
16,- 
13/6 
15/- to 16- 


15/- to 15,3 
24/6 to 26/6 


19/6 
19,/- to 19,43 
18,6 
18/3 to 18/6 
13/6 to 14/6 
13/— to 13/6 
25/— to 27 
30/— to 47/6 
24/6 to 25 
22 
36/— to 40/- 
41/— to 48/6 
40/- to 48/6 
25/-— to 35/- J 


19/- to 23/6 
11/6 to 12/- 


18/— to 20/6 


Per Gallon. 
34d. 
4d. 
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French Engineering Notes. 
(From our own Correspondent in Paris.) 


Strike Recrudescence. 


THE engineering and metallurgical industries 
in the Nord are being increasingly disorganised by strikes, 
and engineering and shipping activity in Bordeaux is 
suspended for the same reason, while in the Paris district 
and elsewhere strikes are declared on futile pretexts that 
do not interest the great majority of workers. The 
agitation has little to do with professional interests. A 
former Minister of the Merchant Marine, Monsieur Meyer, 
the Socialist Mayor of Havre, and Monsieur Freyssinet, 
the Marseilles shipowner, have made violent attacks on 
Communist activity which they declare to be responsible 
for the present deplorable state of affairs. The Govern- 
ment stands aloof, bound by its pact with the Commun- 
ists, and transfers all its dealings with employers to the 
Confédération Générale du Travail, which practically 
dictates what the Government shall do. For some time 
past the Employers’ Federation has been carrying on 
negotiations with the C.G.T. for the settlement of disputes 
in accordance with the conditions of the Matignan con- 
tract. When the strike in the textile industry was settled, 
Monsieur Léon Blum accepted the demand of employers 
for a revision of that contract to ensure that no negotia- 
tions would be undertaken under pressure of “ stay in ” 
strikes, and that complete authority would be restored 
to them in the conduct of their works. The Prime Minister 
then handed them over to the tender mercies of the C.G.T. 
This all-powerful body refuses to make any concession 
that will weaken labour authority, and insists upon com- 
pulsory conciliation and arbitration under State control, 
which has become a pivot of the labour policy because its 
working appears to favour an acceptance of the men’s 
claims. Conciliation in these circumstances suggests 
compromise, so that the men will always gain something. 
Employers, on the other hand, reject such compulsion, 
because it has always failed elsewhere, and will inevitably 
provide an element of disorder by encouraging the men 
to make frequent claims when they have everything to 
gain and nothing to lose, while it is obvious that com- 
pulsory arbitration under conditions imposed by the 
C.G.T. aims at a continual adjustment of wages to advances 
in living costs. As the C.G.T. held firmly to its principles, 
with no prospect of an acceptable compromise, the 
Employers’ Federation had no alternative but to break 
off negotiations. It informed the Government of this 
decision, and Monsieur Léon Blum replied by publishing 
the text of the compulsory arbitration Bill, which will 
be introduced into Parliament during the present week. 
The situation has become serious. There is the possi- 
bility of the Bill being rejected or amended by the Senate, 
but if it should become law in its present form employers 
will doubtless accept the inevitable. 


The Forty Hours’ Week. 


The application of the short week involves so 
many complications that commissions appointed to 
examine objections raised against it in each industry have 
so far been unable to overcome all the difficulties. The 
Government admits that the problem is complex. If the 
short week is to become effective, there appears to be 
no way out except by a slow process of adaptation, 
which means that manufacturers require time to organise 
production in a manner to ensure that it will not suffer 
from labour restrictions. The ultimate result of such 
organisation may be inferred from what has already been 
done by a motor car firm, which has so far changed its 
methods of production as to dispense with a considerable 
number of men. It has become a vital necessity to set 
off the higher social and labour charges by further 
economies in manufacture. There can be no question of 
increasing prices unduly, which would have the inevitable 
effect of closing factories. There is a tendency to introduce 
new methods and new machines, and the engineer is 
expected to provide the means of making up for a deficiency 
of skilled labour that, in this country, is becoming ex- 
tremely serious. The forty hours’ week is applied to State 
establishments, and complaints are made by private 
manufacturers in centres where such establishments 
exist of the manner in which their skilled hands are drawn 
into State arsenals and factories which are working at 
full pressure. In nearly all industries objections to the 
short week in present circumstances are so well founded 
that the Government is obliged to take into account appli- 
cations for an extension of time. Nevertheless, it appears 
to be giving way to pressure from men in the metallurgical 
trades who are impatient at the delay, and the spreading 
of strikes in the north has, according to the men’s leaders, 
led the Government to fix to-morrow (Saturday) as the 
date when the forty hours’ week will be made compulsory 
in metallurgical works. The belief that a forty hours’ 
week will lessen production is at least justified by the 
result of its operation in the collieries, where men under- 
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STEAM GENERATORS. 


454,780. May 15th, 1936.—Waste Heat Borters, Babcock 
and Wilcox, Ltd., Babcock House, Farringdon-street, London, 
E.C.4 

This boiler is intended for utilising the waste heat produced 
in the burning of the waste “ black liquor ’’ formed in making 
chemical paper pulp. The gases from such furnaces contain 
large quantities of solid matter which would form slag on the 
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heating surfaces if they were raised to ordinary boiler furnace 
temperatures. The principal heating of the boiler is effected 
by the oil or coal-fired furnace A, while the waste gases are 
brought in at B. The two lots of gases are separated by the 
wall C and baffle D until the furnace gases have been cooled 
down sufficiently to prevent fusion of the slag-making solids. 
They then go on through the several passes of the boiler to the 
flue outlet E.—October 7th, 1936. 


INTERNAL COMBUSTION ENGINES. 


454,761. February 25th, 1936.—VatvE MEecuHaAnisMs, J. Maina, 
35, Maybury Mansions, Marylebone-street, London, W.1. 
This is an arrangement for operating twin overhead valves 
by a single cam. The upper ends of the cam stems are screw 
threaded at A to receive flanged tappets B. The stems also 
carry locking washers C to which they are keyed. The co-acting 
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former is completed by the metallic chassis B, and an aperture 
is provided to permit adjustment of the condensers C and D 
after installation on the chassis.—October 12th, 1936. 


DYNAMOS AND MOTORS. 


15th, 1935.—MAGNETO-ELECTRIC MACHINES, 
The British Thomson-Houston Company, Ltd., Crown 
House, Aldwych, London, W.C.2; and L. Griffiths, “* Ken- 
nington,” 78, Riggin Hall-crescent, Coventry. 

This invention relates to magneto-electric machines and has 
for its object to provide a simple and inexpensive rotor con- 
struction for magnetos or like permanent magnet machines. It 
consists in casting the material to be permanently magnetised on 
and as an integral member of the rotor shaft. In the drawings 
A represents a magnet which is cast on a non-magnetic steel 
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shaft B. The shaft has a reduced or circumferentially grooved 
eo at the point at which the magnet is cast to ensure proper 
ocation of the magnet, and this portion may be ribbed or fluted 
to prevent circumferential movement of the magnet. The 
only machining required after casting is the grinding of the two 
flat pole faces. The rotor assembly is built up of a number of 
laminations C and end plates D held together by means of 
rivets E. The end plates serve to locate the laminations in 
relation to the magnet and shaft. A dowel pin F serves to 
position the end plates and lamination assembly on the shaft.- 
October 15th, 1936. 


TRANSMISSION OF POWER. 


April 15th, 1935.—ELrecrric Junction Boxes, A. 
and H. Mordue 


455,228. 
Reyrolle and Co., Ltd., Hebburn-on-Tyne ; 
19, Oban-terrace, Felling-on-Tyne. 

With this junction box it is unnecessary to disturb the wiped 

joint used to connect the lead sheathing of the cable with the 

gland joint when it is desired to open the box for inspection. 

The box A is carried by its lid B, which is bolted by a bracket to 

the support. The lid also carries the insulators C of the outgoing 

lines. The. cores of the cable are connected with rods passing 
through the insulators by clamps D and the box is filled with 
compound to the level E. The box tapers down to a circular 
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le to lock together, by the use of 
spanners, when adjusting. The washers also 








ground now work 38 h. 40 min. a week. A decline in the 
coal output has been followed by a depletion of stocks 
at the collieries, and a continuous rise in prices and a 
scarcity of supplies that are causing serious uneasiness to 
industrial and other consumers. The Government has 
been obliged to double the quota of coal imports. 


New Destroyers. 


On Thursday of last week there was launched 
at the Nantes shipyard of the Chantiers de Bretagne the 
destroyer ‘ Volta,’’ which is the thirty-second vessel 
of this type to be built since the war. The sister 
ship ‘“ Mogador,” which was laid down at an earlier 
date at Lorient, will be launched shortly. With a 
displacement of 2960 tons, they have a length of 137-5 m. 
and a width of 12-56 m. The early destroyers of the 
“ Tigre ’’ class have engines of 55,000 H.P., and this was 
increased to 74,000 H.P. in the ‘ Terrible,’ which holds 
the speed record of 45-25 knots. The engines of the 
“Volta,” rated at 90,000 H.P., will develop more than 
100,000 H.P., and much is expected of the performance 
of a destroyer that has been designed with some of the 
characteristics of a light cruiser. She has four double 


turrets with eight guns of 138 mm. and a number of anti- 
aircraft guns capable of firing from 140 to 150 rounds a 
minute. 


There are nine torpedo tubes. 


form abutments for the springs D. The valves are operated 
by the cam E and follower F, which slides in the bushing G and 
is prevented from rotating by the feather H.—October 7th, 1936. 


ELECTRICAL APPLIANCES. 


455,007. April 10th, 1935.—HiGH-rREQUENCY CoUPLING 
Devices, Johnson Laboratories, Incorporated, 609, West 
Lake-street, Chicago, U.S.A 

This invention relates to a coupling device for use in high- 

frequency signalling systems and aims at an easy means of 

adjustment. It consists of an insulating base A of a ceramic 
material secured to the chassis B, to which are also connected 
the condensers C and D, so designed as to be adjustable, in their 
capacity value, over a limited range. The capacity of the con- 
denser C is adjusted by means of a screw E and the capacity of 
the condenser D is adjusted by means of a nut F. The support, 
or frame G, preferably made of moulded insulating material, 
such as synthetic resin, is secured to the base A by means of 
threaded studs extending through spacing sleeves. The frame 
G comprises parallel and fixed side bars H, which preferably are 
united by a cross bar J, and are provided with grooves K in 
which may rest certain leads to or fo rom the coils and associated 
apparatus. The cross bar J sustains the coil L. One of the side 
bars H supports a U-shaped yoke M carrying the core N of the 
coilO. Lugs P secured in apertures in the base and integral with 
the plates of the condensers C and D serve as terminals for 
receiving the leads from the coils L and O and suitable leads from 











other portions of the complete apparatus. A metal shield is 

















opening with a flange F. On to the end of the cable there is 
threaded a screwed and flanged sleeve G, which is sweated on 
to the lead sheathing, as indicated by the bulge Hi in the armour- 
ing. A split collar J is passed round the cable with a rubber 
washer K and the whole is pulled up tight by a back nut L. The 
collar J is bolted to the flange F. When it is desired to open the 
box the compound is drained out, the collar J and the nut L 
cast off, and the box can then be slid down the cable to disclose 
the joints D. When these joints are broken the box can be 
pulled up again over the ends and taken away.—October 15th, 
1936 


MOTOR CARS AND ROAD TRAFFIC. 


455,005. June 4th, 1936.—ELectric STarTeRS FoR Cak 
Eneines, R. Bosch Aktiengesellschaft 4, Militérstrasse. 
Stuttgart, Germany. 

This is an arrangement for ensuring that the armature of a 
car engine starting motor will slide endways, so that its pinion 
engages with the toothed ring on the fly-wheel, even if the car 
is standing on a slope and the force of gravity resists its move- 
ment. In the drawing A is the auxiliary winding, which is 
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used to pull the armature B endways, so that the pinion C 
engages with the ring D. E is the main field winding. The 
windings are energised through the electro-magnetic switch 
F. Normally, the winding A is first energised through the 
contacts G, and then, as the armature moves to the left, the 
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dise H on the spindle releases the trigger J, so that the second— 
running—contacts K are closed and the main winding E is 
energised. Should the endwise puil of the winding A be insuffi- 
cient to overcome the gravitational element of the armature B, 
. it can be augmented by the manual gear L L.—October 12th, 1936. 


WELDING. 
454,214. June 8th, 1936—Etecrric WELDING APPARATUS, 
The British Thomson-Houston Company, Ltd., Crown 


House, Aldwych, London, W.C.2. 

In electric are hand welding, in practical service unsheathed 
rod electrodes up to $m. long at the most are used. The 
use of longer electrodes gives the welder great difficulty on 
account of the unwieldiness. Consequently, the cost of each 
hand weld is very high because the usual short electrode rods 
make necessary regular pauses for changing the rods and repeated 
striking of the arc. The object of the invention is to provide a 
current lead for comparatively long-sheathed electrodes for 
the purpose of maintaining an invariable arc. This is attained 
by connecting a resistance in series with the rod electrode, 
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which resistance alters with increasing burning in such a way 
that the total voltage drop occurring at the voltage coil does 
not vary during the welding. A resistance A is connected 
in series with the rod electrode B through the control contact C. 
The welding current source is connected on the one side at D 
to the article E and on the other at F to the variable resistance 
A. Between the rod electrode B and the article E is the are G. 
The relay coil H controlling the distance of the electrode from 
the article is in parallel with the series connection of resistance A, 
rod electrode B, and are G. The control contact C is moved 
in the direction of the arrow in such a way that the reduction 
of resistance of the rod electrode due to burning is provided 
for with simultaneous consideration of the variations of resist- 
ance due to the heating of the electrode.—September 25th, 1936. 


METALLURGY. 


454,567. April 2nd, 1935.—An ALLoy FOR PERMANENT 
MacGnets, T. Hamilton-Adams, Roxwell, near Chelmsford, 
Essex. 

The inventor says that “‘the intensity of magnetic moment 
both as to coercive foree and remanence depends upon the 
molecular density and homogeneity of the ferro-magnetics 
employed. In order to attain full molecular homogeneity it 
is necessary that an alloy should be a true chemical combination. 
To form a true chemical combination the number of atoms of 
each element in the alloy must be in accordance with its valency. 
The molecular density of an alloy depends on the fact that 
atoms of certain elements combine more closely with those of 
certain other elements than with their similars. By my inven- 
tion I obtain this molecular homogeneity in a permanent magnetic 
alloy by employing two or all of the three ferro-magnetic 
elements, namely, iron, nickel, and cobalt, in proportions 
according to their valencies, each of them possessing those 
of two and three. In order to increase the molecular density 
of the alloy, I combine in proportion to their valencies two or 
all of the ferro-magnetics with aluminium, again in proportion 
to that metal’s sole valency of three. Consequently, in carrying 
out my invention, I can form any of the following chemical 
combinations :—AlFeNiCo, AIlFeNi,, AINiFe,, AlFeCo,, 
AlCoFe,, AICoNi,, AINiCo,. Any departure from the exact 
chemical combination reduces the magnetic moment, as a 
surplusage of any of the elements forms an inter-molecular 
solution interrupting the electronic excitement. It is obvious 
that any extraneous matter or impurities have the same etfect 
though in their case it may be minimised by correct heat treat- 
ment.”’—October 2nd, 1936. 


MISCELLANEOUS. 


455,235. April 15th, 1935.—LusBricatine Ors, C. C. Wakefield 
and Co., Ltd., and E. A. Evans, Wakefield House, 30-32, 
Cheapside, London, E.C.2. 

This invention is for improvements in or relating to lubricants 
which are to be used under conditions which tend to disrupt the 
lubricant film, which disruption more particularly takes place 
when the pressure between the bearing surfaces is very great. 
For example, under the extreme pressures obtaining in hypoid 
gears. According to the invention, an extreme-pressure lubri- 


therein a small quantity of thio-ether. It has been found that 
the desired effects may be obtained by employing the thio-ether 
in quantities up to about 2 per cent. by weight of the oil. In 
one preparation which is given by way of example, a mixture of 
50 grammes of thionylchloride and 30 grammes of. methyl- 
salicylate was placed in a 300c.c. flat-bottom flask and 20 
grammes of copper dust were then slowly added. The reaction 
which then takes place is accompanied by the generation of heat 
and the evolution of fumes of sulphur dioxide and hydrogen 
chloride ; the reaction mixture is allowed to stand overnight 
and is then heated in a water bath for from one to two hours. 
The mixture is extracted with hot chloroform and _ the 
chloroform extract is filtered to remove sulphur; precipitated 
copper and other impurities; the product is finally obtained 
by concentration of the chloroform extract followed by 
recrystallisation. The material thus obtained is bis-(3-carb- 
methoxy 4-hydroxyphenyl) thio-ether. When 0-5 per cent. 
of this pure compound was added to a pure mineral oil the 
film rupture strength was found to be raised to the extremely 
high value of 15,000 lb. per square inch, a remarkable increase 
over the value obtained with the pure mineral oil which, in the 
Almen tester, gave a film rupture strength of between 3000 lb. 
to 4000 Ib. per square inch.—October 15th, 1936. 


N°453064 
453,064. April 3rd, 1935.—VisrRa- 
TION Dampers, V. A. Trier, 
Andre Works, Victoria-gar- 


dens, Ladbroke-road, Notting 
Hill Gate, London, W.11. 

This shock absorber comprises 
a series of friction discs, with 
intervening discs of wood clamped 
together by a central bolt. Three 
of the discs are connected with the 
chassis by the radial arms A, and 
two of the discs with the axle by 
the arms B, or vice versd. The 
pressure of the central bolt is 
applied to the discs through star- 
shaped spring washers CC. The 
friction discs are faced with brass 
and have at their periphery a 
brass channel D for the reception 
of a wax-impregnated sealing pad. 
The pivots of the radial arms have 
rubber sleeves E.—September 4th, 
1936. 
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Secretaries of Instituti , &c., desirous of having 
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that, in order to make sure of its insertion, the necessary information 
should reach this office on, or before, the morning of the Monday 
of the week preceding the In all cases the TIME and 
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To-Day. 

Guiascow University CLius, Lonpon.—Café Royal, Regent- 
street, W.1. Dinner. 7.30 p.m. 

Inst. or ELEcTRICAL ENGINEERS : METER AND INSTRUMENT 
Section.—Savoy-place, W.C.2. ‘The Post Office Speaking 
Clock,” E. A. Speight and O. W. Gill. 7 p.m. 

Inst. oF ELectricaL ENGINEERS: NorTH - EasTERN 
SrupEnts’ Section.—Armstrong College, Newcastle-on-Tyne. 
** Load Development in Rural Areas,” N. H. Denholm. 7 p.m. 

Junior Inst. oF ENGINEERS.—39, Victoria-street, S.W.1. 
““The Method of Dimensions as Applied to Engineering,”’ Dr. 
W.N. Bond. 7.30 p.m. 

Norts-East Coast Inst. or ENGINEERS AND SHIPRUILDERS. 
Mining Inst., Neweastle-on-Tyne. ‘‘ The Flow of Boiling Water 
Through Orifices and Pipes,” W. T. Bottomley. 6 p.m. 

SaturDay, Dec. 5TH. 

Inst. oF British FouNDRYMEN: LANCASHIRE BRANCH.— 
Engineers’ Club, Albert-square, Manchester. ‘‘ Developments 
in the Production of Ingot Mould Castings,” R. Ballantine. 
4 p.m. 

Monpay, Dec. 7TH. 

BrapDFoRD ENGINEERING Soc.—Bradford Technical College, 
Bradford. ‘ Boiler Feed Waters and their Treatment,” C. J 
Carter. 7.30 p.m. 

CHARTERED Surveyonss’ Inst.—12, Great George-street, 
S8.W.1. ‘Town and Country Planning: its Practical Aspects 
as they Affect the Private Landowner,” a discussion. 6.30 p.m. 

Inst. oF Crvit ENGINEERS OF IRELAND.—35, Dawson-street, 
Dublin. ‘‘ New Cooling Water System at Pigeon House Power 
Station, Dublin,” V. D. Harty. 8 p.m. 

Inst. oF Etectricat EncIngers: Lonpon StupEnts’ 
Srection.—Savoy-place, W.C.2. ‘Electrical Methods of 
Determining Cable Sheath Uniformity,” W. E. Laycock. 7 p.m. 

Soc. or EncrneEers.—Geological Soc., Burlington House, 
Piccadilly, W.1. ‘“* Agricultural Tractor Design,” D. N. 
MacHardy. 6 p.m. 

Turspay, Dec. 8TH. 
IntumMiInaTING ENGINEERING Soc.—Inst. of Mechanical 
Engineers, Storey’s-gate, S.W.1. ‘‘ Low-voltage Neon,” P. 
Freedman. 7 p.m. 
Inst. of AUTOMOBILE ENGINEERS.—Geisha Café, Hertford- 
street, Coventry. ‘“‘ Brake Performance,” E. Sisman. 
7.30 p m. 
Inst. or British FouNDRYMEN.—Municipal College, Omerod- 
road, Burnley. ‘‘ The Melting of Steel in Small Foundries,” Dr. 
E. Gregory. 7.15 p.m. 
Inst. or ELECTRICAL ENGINEERS : 
North British Station Hotel, Edinburgh. 
Goodlet. 7 p.m. 
Inst. or. Metats: Swansea Loca Section.—Y.M.C.A., 
Swansea. Film display of metallurgical interest. 6.30 p.m. 
SHEFFIELD METALLURGICAL Assoc.—198, West-street, 
Sheffield. ‘‘ Gases in Non-ferrous Metals,” Prof. D. Hanson. 
7.30 p.m. 


Scottish CENTRE.— 
* Lightning,” B. L. 


Wepnespay, Dec. 9rH. 
DresEL ENGINE Users Assoc.—Caxton Hall, S.W.1. ‘ The 
Treatment of Fuel and Lubrication Oil—Filtration and Renova- 
tion,” A. Beale. 4.45 p.m. 
Inst. or AUTOMOBILE ENGINEERS.—Engineers’ Club, Albert- 
square, Manchester. ‘‘ Processes in Oil Engine Injection 
Systems with Spring-loaded Nozzle Valves,” Dr. 8. J. Davies. 
7 p.m. 
Inst. or Etecrrica Encinggrs: Lonpon SrupeEnts’ 
SEcTIon.—Visit to Venner Time Switches, Ltd. 3 p.m. 
Inst. or FuEt.—Chemical Soc., Burlington House, Piccadilly, 
W.1. “The History and Development of Mond Gas for Indus- 
trial Purposes,”” H. A. Humphrey. 6 p.m. 
Inst. or FurLt.—Engineers’ Club, Albert-square, Manchester. 


Inst. of WELDING.—Inst. of Mechanical Engineers, Storey’s- 
gate, S.W.1. ‘* Waldability of Steel,” Dr. T. Swinden. 6.30 p.m. 
Royat Soc. or Arrs.—Jchn-street, Adelphi, W.C.2 
“ Artificial Resins.” 8 p.m. 
TuHuRspDAY, Dec. 107TH. 

Inst. oF AUTOMOBILE ENGINEERS.—Merchant Venturers’ 
Technical College, Unity-street, Bristol. ‘‘ Brake Performance,” 
E. W. Sisman. 7 p.m. 

Inst. or Crvix ENGINEERS: BIRMINGHAM AND DISTRICT 
Assoc.—Annual dinner at Queen’s Hotel, Birmingham. 

Roya Arronavuticat Soc.—Royal Soc. of Arts, 18, John- 
street, Adelphi, W.C.2. ‘‘ Recent Progress in the Design of 
Civil Flying Boats,” A. Gaye. 6.30 p.m. 

Fripay, Dec. 1lrH. 

Inst. or Crviz ENGINEERS: NORTHERN IRELAND Assoc.— 
Grand Hotel, Belfast. Annual dinner. 

Inst. or MEcHANICAL ENGINEERS,—Storey’s-gate, S.W.1. 
“* The Smoke of Cities,” J. 8S. Owens. 6 p.m. 

Inst. or Metats: SHEFFIELD LocaL Section.—Non-ferrous 
Section of the Applied Science Department of the University, 
St. George’s-square, Sheffield. ‘Technical and Industrial 
Development in the Electrochemical Surface Treatment of 
Metals,” M. Cook. 7.30 p.m. 

Juntor Inst. oF ENGInEERS.-—-Royel Soc. of Arts, John- 
street, W.C.2. ‘‘ Metallurgical Developments and Engineering 
Progress,” Sir William J. Larke. 7.30 p.m. 

Saturpay, Dec. 121rH. 

NORTHAMPTON ENGINEERING COLLEGE 
Assoc.—Criterion Restaurant, Piccadilly, W.1. 
7.30 p.m. 


Past StTupENTs’ 
Annual dinner. 


Monpbay, Dec. 14TH. 

Inst. or AUTOMOBILE ENGINEERS.—39, Elmbank-crescent, 
Glasgow. ‘ Processes in Oil Engine Injection Systems with 
Spring-loaded Nozzle Valves,” Dr. 8. J. Davies. 7.45 p.m. 

Inst. or Crvrt ENGINEERS: NORTHERN IRELAND Assoc. 
Queens University, Belfast. ‘“‘ Aggregate Grading and Design 
and Control of Concrete,’”’ Prof. H. N. Walsh. 6.30 p.m. 


Secrion.—-lnst. of 


Inst. oF Metats: Scorrish Loca 
Engineers and Shipbuilders in Scotland, 39, Elmbank-crescent, 
Glasgow. “ Metal Spraying by the Wire Process,” W. E. 
Ballard. 7.30 p.m. 


Inst. oF TransPport.—lInst. of Electrical Engineers, Savoy- 
place, Victoria Embankment, W.C.2. ‘‘ Transport from an 
Operating Trader’s Viewpoint,” W. H. Gaunt. 5.30 p.m. 

Turspay, Dec. 15TH. 

Inst. or Civit ENGINEERS.—Great George-street, S.W.1. 
‘** The Second Stage Development of the Lochaber Water Power 
Scheme,” A. Holden Naylor. 6 p.m. 

Inst. of ENGINEERS AND SHIPBUILDERS IN SCOTLAND.—39, 
Elmbank-crescent, Glasgow. ‘‘ Television,’’ Professor G. W. O. 
Howe. 7.30 p.m. 

Inst. OF METALS: 
Watt Memorial Inst., Birmingham. 
in the Chemical Industry,” N. P. Inglis. 7 p.m. 

SHEFFIELD METALLURGICAL Assoc.— 198, West-street, 
Sheffield. ‘“‘Some Recent Interesting Failures in Chemical 
Plant,” F. H. Keating. 7.30 p.m. 

WepNeEspay, Dec. lérH. 

Inst. oF AUTOMOBILE ENGINEERS.—Metropole Hotel, Leeds. 
“‘ Brake Performance,” E. W. Sisman. 7.15 p.m. 

Inst. oF CHEMICAL ENGINEERS.—Burlington House, Picee- 
dilly, W.1. ‘‘ Chemical Engineering in the Pulp and Paper 
Industries,’ Dr. Julius Grant. 6 p.m. 

Inst. or Crvi. Encingers.—Great George-street, S.W.1. 
Discussion on ‘‘ The Sea Action Committee Report,’’ introduced 
by J. Shaw. 6 p.m. 

Inst. oF FuEt.—Constitutional Club, St. Ann-street, Man- 


BirMINGHAM LocaL Section.—James 
** Metallurgical Problems 


chester. ‘‘ High Performance Fuels,” H.C. Tett. 7 p.m. 
Royat Soc. or Arts.—John-street, Adelphi. ‘‘ The Develop- 
ment of Crystal Analysis,” Sir William Bragg. 8.30 p.m. 


Tuurspay, Dec. 17TH. 

Inst. oF Crvit Enoaineers: YorKSHIRE Assoo.—Hotel 

Metropole, Leeds. ‘‘ Road Research,” E. A. Dyer. 7.30 p.m. 
Fripay, Dec. 187TH. 

Junior Inst. or ENGINEERS.—39, Victoria-street, S.W.1. 
Discussion on “Economics in Relation to Enyineering.”’ 
7.30 p.m. 

Norru-East Coast Inst. oF ENGINEERS AND SHIPBUILDERS. 
—Mining Inst., Newcastle-on-Tyne. ‘‘ Relationship Between 
Mechanical Tests of Materials and their Suitability for Specific 
Working Conditions,” N. P. Inglis. 6 p.m. 








CONTRACTS AND ORDERS. 


The Editor is always happy to print short announcements of 
contracts and orders in this column provided they are sent to him 
in time to have news value and that they are likely to interest readers. 








Tue D.P. Battery Company, Ltd., has received orders for 
locomotive batteries from the General Electric Company and 
Metropolitan-Vickers. The nine locomotives for which these 
batteries are ordered will be used by the London Passenger 
Transport Board in connection with extensions now in progress 
on the Underground Railway system. 

RaNnsoMEs AND Rapier, Ltd., have received an order from 
Stewarts and Lloyds, Ltd., for a further large stripping shovel 
for their ironstone mines at Corby, similar to the two which 
have already been supplied. The new machine will have a 
10 cubic yard aluminium alloy bucket working at 112ft. radius, 
and will have slightly larger motors than its forerunners. 

Tue Hypraviic CouPpLING AND ENGINEERING CoMPANY, 
Ltd., Isleworth, has received an order for the supply. of eighteen 
Vulcan-Sinclair traction couplings for some new oil-engined 
railcars ordered by the Netherlands State Railways. The 
cars, which are to have engines of 150 H.P., are being built in 
Holland and will include Milyus mechanical gear-boxes. 

Tue EnousnH Exectric Company, Ltd., has received an 
order for forty-nine luxury coach bodies from the Birmingham 
and Midland Motor Omnibus Company, Ltd., which is additional 
to an order for sixty-five single-deck bus bodies at present under 
construction for the same company. These bodies, for long- 
distance cperation, will be built at the company’s Dick, Kerr 
Works, Preston, and will be mounted on special chassis designed 
and manufactured by the Birmingham and Midland Motor 
Omnibus Company, Ltd. 

Tue Woopatt-DuckHam Company has received from 
Richard Thomas and Co., Ltd., an order for a complete by- 
roduct coking installation, to be erected at Ebbw Vale Steel 
Vorks as part of the £5,000,000 reconstruction scheme which is 
being carried out at this works. The plant will comprise a 
battery of sixty-five W-D Becker coke ovens, designed for heating 
by blast-furnace gas or coke oven gas. The ovens will be ca able 
of carbonising 1370 tons of coal a day. The Nunnery Colliery 
Company has placed an order with the same company for a 
battery of twenty-two W-D Becker coke ovens to be under- 
fired by coke oven gas. The daily capacity of the ovens wil: be 
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Obtained,” R. G. Evans. 7 p.m. 


330 tons of coal. 
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The “Harmonic Induction” Oil Engine. 


THROUGHOUT the present week Petters, Ltd., of 
Yeovil, have demonstrated at Burwood House, 
Caxton-street, Westminster, their new ‘‘ Harmonic 
Induction ” oil engine, which was shown running in 
four, twin, and single-cylinder units. As the name 
indicates, the engines operate on the induced air 
scavenge system. They utilise the two-stroke principle 
with airless injection of fuel. A central exhaust valve 
in the cylinder head is employed and the scavenge 
air enters the cylinder through a series of ports 
arranged around the circumference of tfte cylinder, 
giving single direction flow. The fresh air required to 
recharge the cylinder before each stroke of the piston 
is drawn into the cylinder by means of the vacuum 
which is produced by the wave motion in the specially 
designed exhaust pipe arrangement. By this means 
other means of scavenging are rendered unnecessary, 
and it is claimed that more complete cylinder charging 
is thereby effected, giving an increase of approximately 
50 per cent. in power per unit of cylinder volume 
compared with a standard two-stroke oil engine, and a 
lower power-weight ratio. The engines exhibited have 
a bore of 44in. with a stroke of 64in. and are designed 
to develop 18 B.H.P. per cylinder at 1000 r.p.m. The 
induced scavenge principle has been known to engi- 
neers for many years. In 1922 the first Petter experi- 
ments on this system were made at Yeovil, and on 
August 17th, 1934, we published an article by Mr. 
P. W. Petter giving some results of this work. 


Suez Canal Dues. 


At a meeting of the Administrative Council of the 
Suez Canal Company, which took place in Paris on 
Monday, December 7th, it was decided that from 
April Ist, 1937, reductions in canal dues shall come 
into operation as follows :—Passenger dues are to be 
reduced from 12s. 4d. to 6s. per head, cargo dues are 
to be reduced from 7s. to 6s. per ton net, while dues 
on ships in ballast are to be reduced from 3s. 6d. to 
3s. per ton. These reductions will be warmly 
welcomed by the shipping industry. In the course of 
a speech made in the House of Commons on Monday 
evening, December 7th, Dr. Burgin, the Parliamentary 
Secretary of the Board of Trade, said that the average 
sterling equivalents of the Suez Canal tonnage dues 
from January Ist, 1934, till July 7th, 1935, were 
7s. 6d. a Suez Canal ton for loaded vessels, and 3s. 9d. 
for vessels in ballast. From July 8th, 1935, the rates 
have been fixed in sterling. They were 7s. 6d. a ton 
for loaded vessels and 3s. 9d. for vessels in ballast 
until June 30th, 1936, and were reduced from July 
Ist, 1936, to 7s. and 3s. 6d. respectively. The rates 
of tonnage dues were, Dr. Burgin pointed out, fixed 
by the Suez Canal Company, and so far as his Majesty’s 
Government were concerned it was well recognised 
that the shipping community wished to see the 
dues reduced to as low a level as practicable. The 
Government directors were fully aware of this 
desire and he welcomed the forthcoming reductions 
above referred to. As an indication of the heavy 
burden which the canal duties imposes on British 
shipping using the Canal, we may recall the remarks 
of Mr. Irvine C. Geddes, the chairman of the Orient 
Line, at the launch of the Orient liner “‘ Orcades ” at 
Vickers-Armstrongs’ Barrow Yard last week. ‘‘ One 
of the largest single items,” he said, “‘ in the running 
costs of the ‘ Orcades ’ would be for Suez Canal dues, 
amounting to approximately £14,000 each round 
voyage. Assuming she spends her life in the 
Australian trade and the dues remain at their present 
level, then during her life she will pay more in dues 
to the Suez Canal Company than the Orient Company 
will pay to Vickers-Armstrongs for the construction 
of the ship—a heavy toll on passengers and cargo and, 
indeed, perhaps what is even worse, the high dues act 
as a great drag on the design of all Eastern ships.” 


The Employment Figures. 


ACCORDING to a statement issued by the Ministry 
of Labour on Monday evening, December 7th, it is 
estimated that at November 23rd, 1936, the number of 
insured persons, aged sixteen to sixty-four, in employ- 
ment in Great Britain, exclusive of agricultural 
workers, was approximately 11,120,000. This was 
17,000 more than a month before and 560,000 more 
than a year before. There was an improvement in 
employment between October 26th and November 
23rd in coal mining, engineering, the motor vehicle 
and aircraft industry, metal goods manufacture, the 
cotton and wool textile industries, dock and harbour 
service, and the distributive trades. On the other 
hand, there was a decline in building and public 
works contracting and agriculture. At November 
23rd, 1936, the numbers of unemployed persons on 
the registers of employment exchanges in Great 
Britain were 1,367,492 wholly unemployed, 188,643 
temporarily stopped, and 67,467 normally in casual 
employment, making a total of 1,623,602. This was 
11,792 more than the number on the registers at 
October 26th, 1936, but 294,960 less than a year 
before. The total on November 23rd, 1936, com- 


prised 1,281,354 men, 45,019 boys, 252,198 women, 
and, 45,031 girls. Of the total increase of 11,792 
between October 26th and November 23rd, 1936, in 
the numbers registered as unemployed, agricultural 
workers accounted for approximately 9000. 


The Italian Mercantile Marine. 


On Saturday, December 5th, the Italian Cabinet 
decided upon measures to put Italian shipping in a 
predominant position. From January Ist nine 
separate companies, with 181 ships, aggregating nearly 
1} million tons, are to be merged into the following 
four large companies :—The Italia, with headquarters 
in Genoa, which will conduct all passenger and freight 
services to North and South America; the Lloyd 
Triestino, with headquarters in Trieste, which will 
run services to Africa, beyond the Suez Canal, and 
beyond the Straits of Gibraltar, and to Asia beyond 
Suez, and Australia; the Tirrenia Company, with 
headquarters at Naples, which will run services to 
Libya, the Western Mediterranean, Northern Europe, 
and the Italian coastline ; the Adriatica, with head- 
quarters at Venice, which will run services in the 
Adriatic and Eastern Mediterranean. A new com- 
pany, styled the Societa Finanziaria Marittima, with 
a capital of 900 million lire (approximately £9,000,000) 
over and above the capital of the four combines, is 
to co-ordinate and give further financial assistance to 
the services. The control of the companies during 
the next six years will be vested in the Industrial 
Reconstruction Institute, and a large building and re- 
engining programme of over £10,000,000 is to be 
carried out. 


Railway Hours and Wages. 


On Monday, December 7th, a claim by the Asso- 
ciated Society of Locomotive Engineers and Firemen 
for improved wages and shorter hours for drivers, 
motormen, firemen, and cleaners was heard by the 
Railway Staff National Tribunal under the chairman- 
ship of Sir Arthur Salter at Montague House, White- 
hall. Mr. W. J. R. Squance, who presented the claim 
for the union, said it was estimated by the railway 
management that it would cost £9,704,000, and the 
union membership concerned was approximately 
51,000. The Society, he said, claimed the cessation 
of the percentage deduction from earnings, a standard 
day of six hours, and a standard week of thirty-six 
hours, abolition of spread-over turns, cancellation of 


economy would accrue, to nine hours a day, additional 
rates for Sunday duty, Good Friday, and Christmas 
Day, overtime and night duty, and after twelve 
months’ service two weeks’ holiday with pay. On 
Tuesday Mr. Kenelm Kerr, the Chairman of the 
Railway Staff Conference, replied for the four group 
railway companies. Mr. Kerr said that he regretted 
the action of the Society in bringing a separate claim 
where there had previously been joint negotiations. 
It was, he said, seeking a rehearing of a matter 
recently decided, and in effect was asking the Tribunal 
to reverse its recent decision. Mr. Kerr submitted 
a statement showing the estimated annual cost of the 
claim. Of the total of £9,704,000, the introduction of the 
six-hour day and 36-hour week would cost £6,097,000. 
The total represented an increase in the wage bill for 
the three grades of 60 per cent. The present claims 
were so extravagant that it was difficult to believe 
that they could be meant seriously. He produced 
a table showing that the average rate of pay of 
drivers last March was 87s. 4d., and of firemen 
69s. 3d. The present average earnings were—drivers 
101s. and firemen 79s. 6d. The loss by deductions 
and variations had been reduced to 4s. a week for 
drivers and 3s. 2d. for firemen. 


The James Watt International Medal. 


THE Council of the Institution of Mechanical 
Engineers, after considering the recommendations 
received from engineering societies throughout the 
world, has awarded the first James Watt International 
Medal for outstanding achievement in Mechanical 
Engineering to Sir John A. F. Aspinall (Past-Presi- 
dent). The Medal will be presented by H.R.H. The 
Duke of York, Hon. M.I. Mech. E., at the Institution 
on Friday, January 22nd, 1937, at 4 p.m., preceding 
the January general meeting. 


The “ Mechanicals”’ Dinner in Manchester. 


THE annual dinner of the North-Western Branch 
of the Institution of Mechanical Engineers, which 
took place on Thursday evening, December 3rd, 
at the Engineers’ Club, Manchester, was a note- 
worthy event in the annals of the branch. There 
was a large attendance of members and their guests, 
and the speeches throughout the evening were 
of a high order. The chair was taken by Mr. J. M. 
Newton, the chairman of the branch. The toast of 
‘“The Institution of Mechanical Engineers” was 
ably proposed by Mr. John E. James, the chairman 
of the Lancashire Steel Corporation, who gave some 
interesting particulars of modern American hot and 
cold rolling practice. Mr. James stressed the necessity 
for training young engineers, and ventured the opinion 
that the Institution had perhaps rather neglected 
its duty towards the young rising engineer. He said 
that with the return of trade there was, he felt, a 








the provision for an extension of rosters, where | 


profound shortage of the really mechanical mind. 
In his reply, the President of the Institution, Sir Nigel 
Gresley, thanked Mr. James for his kindly reference 
to the “‘ Silver Jubilee ” train and its performance, 
and mentioned the good time keeping of the train 
during the recent foggy weather. The North-Western 
Branch, with about 1300 members, was, he said, the 
largest in the Institution, and he pointed out that the 
Institution throughout had permanently before it 
the question of young engineers. During the past 
year the membership had increased to the record 
figure of 12,000, and this was not an increase of 
older members or associate members -the increase 
was in graduates and students. The toast of “ The 
Guests” was proposed by Professor A. H. Gibson 
and Sir Frederick West and Mr. G. E. Bailey replied. 


The Smithfield Club Show. 


THE Smithfield Club Cattle Show of 1936, which 
opered on Monday, December 7th, and closed to-day 
at the Royal Agricultural Hall, Islington. clearly 
reflected the more prosperous condition of certain 
sections of the farming industry, and the improved 
outlook in other sections. There was a better display 
of agricultural machinery, and mechanical aids to 
farming, and we noted that most of the firms which 
exhibited at the Royal Show at Bristol were repre- 
sented at the Agricultural Hall. The principal 
exhibits of interest to engineers included various 
forms of tractors and tractor drawn implements, 
among which we noted new tractors of British design, 
which have already been described in our pages. 
More attention is being paid to the attachment of the 
implement to the tractor, and ingenious solutions of 
this problem were shown. In general, we found few 
new designs, either of oil engines or farm machinery, 
and where novelities were shown, it was explained 
that still better designs would be available at next 
year’s Royal Show. Some interest is being taken in 
providing a farm cart of modern design with rubber 
tires, especially made for mechanical haulage. 
and new types of low-loading and tipping carts of 
this special kind were on view. In the opinion of 
users who are in a good position to judge, there is 
still room for a standardised tractor drawn farm cart, 
which might with advantage embody a combination 
of some of the best features of the various models 
which were on view. 


Light-Weight Concretes. 


AccoRDING to a bulletin prepared by the Building 
Research Station, and just issued by the Department 
of Scientific and Industrial Research (Stationery 
Office), there is an increasing demand for light- 
weight concrete, which previously has been made 
with pumice stone or volcanic ash deposits generally 
imported from abroad. Visitors to Germany will 
recall that foamed slag, made by rapidly chilling 
molten blast-furnace slag, is now largely used in 
that country for a variety of constructional purposes. 
With this material it is claimed that blocks 50 per 
cent. larger than ordinary clay bricks im size, with 
only half the weight for the same volume, can be 
produced at about half the cost of an ordinary clay 
brick. The properties of this new building material 
and its method of manufacture have been investi- 
gated. Production has also been begun in this 
country of a light material obtained by rapidly 
heating clays and shales, and the Building Research 
Station has found that certain slates, when heated, 
expand to many times their original thickness. 
The resulting concrete is cellular in structure and 
will float on water. In Great Britain light-weight 
concretes have so far been used mainly for internal 
work, but as regards external work various failures 
that have occurred owing to lack of knowledge of 
the properties of concretes have prevented a more 
extended use of these materials in external walling. 
In view of the great economies in weight and the 
enhanced thermal insulation afforded by walls of 
this kind, it would be unfortunate, the bulletin says, 
if their rational development were to be prejudiceci. 


British Shipping in the Pacific. 


Tue Report of the Imperial Shipping Committee 
appointed to inquire into the Pacific shipping problem 
at the request of the Governments of the United 
Kingdom, Canada, Australia, and New Zealand, was 
issued on Monday, December 7th, by the Stationery 
Office, under the title of ‘“‘ The Possibilities of a 
British Passenger and Cargo Service between Western 
Canada and Australia-New Zealand.” It has been 
received with gratification throughout the ship- 
building industry. According to Mr. H. M. Cleminson, 
the general manager of the Chamber of Shipping, the 
industry is very anxious that the Government should 
formulate and communicate to the Dominions 
specific proposals which would not only give a lead 
in the Dominions, but also indicate the manner and 
extent in which the British Government will par- 
ticipate. The two ships plying between San Francisco 
and Australia-New Zealand are being withdrawn, 
and one has already been sold to the shipbreakers. 
At least two years will be required to build the two 
ships referred to in the Report, which, we under- 
stand, will embody the latest features in hull and 
machinery design, and will be built to plans which 
are practically completed. 
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Liquid Brazing. 


J. M. G. TURNBULL, B.Sc., 


A.I.C. 


No. I. 


HE process “liquid brazing’? which is to be 
discussed in these articles, refers to the brazing of 
steel by immersion in molten brass, and particularly 
in the manufacture of segmental blading as carried 
out in the works of C. A. Parsons and Co., Ltd. 

Some years ago, when the brazing furnaces were 
situated in the old foundry, very little trouble was 
experienced in this process. Consequently, much less 
technical supervision was deemed necessary. This 
was chiefly due to the fact that the blades were then 
made of mild steel. Owing to the serious corrosion 
of these blades which frequently occurred, owing to 
the inefficient treatment of the boiler feed water, it 
was decided to use “stainless iron’ for blading in 
place of the mild steel. As “ stainless iron ” was more 
difficult to braze than mild steel, it was found 
necessary to improve the technique of the brazing 
process. Wit). this aim in view, much experimental 
and research work has been carried out, both by the 
blade shop and the laboratory. In these articles I 
intend to deal in detail only with the work carried 
out either in the laboratory, or under that depart- 
ment’s supervision. 

THE FURNACES. 

Mention might be made of the furnaces in which 
this operation was performed. In the old days these 
were coke fired. They consisted of a cireular furnace 
sunk beneath the level of the floor, in which the pot 
containing the metal was embedded in coke, a 
blast of air being admitted at one side. Much 
unnecessary heat and fumes were evolved from such 
a furnace, causing great inconvenience to the worker, 
and also much time was lost by the frequent replenish- 
ing of the coke. In 1932 an electric induction furnace 
of about 300lb. capacity was installed, having a 
much greater surface area. This was necessary for 
the satisfactory brazing of certain jobs, such as the 
fixing of tungsten steel shields on the edge of the 
larger blades for the exhaust end of the turbine 
to minimise erosion effects. More recently, in May 
of this year, another of the coke fires was replaced by: 
a gas-fired furnace of modern design, constructed 
to heat the round “* Salamander ”’ crucibles previously 
used with the old coke fires. It incorporates a hood 
and fiue for the removal of waste heat and gases. 
The cleanliness and ease of temperature control 
with both these furnaces is obvious. 

The segments brazed in these furnaces are built 
up of ‘stainless iron’ blades spaced at the roots 
with packing sections of mild steel. Fig. 1 shows a 





FIG. 1—BLADING SEGMENT BEFORE BRAZING 


typical segment before brazing. This “ stainless 
iron ’’ is a steel having 13} per cent. chromium, with 
a low carbon content (less than 0-12 per cent.), 
and is used on account of its valuable properties in 
resisting corrosion, such as is frequently met with 
in turbines, coupled with its good’ mechanical 
properties. 
CLEANING OF SECTIONS. 

As good brazing can only be obtained if the surfaces 
to be brazed are perfectly clean, all precautions are 
taken to ensure that both the blades and packing 
sections are as clean as possible before assembly. 
Owing to their stainless character, the blades do not 
require any treatment prior to brazing, except 
degreasing. The mild steel sections, however, rapidly 
rust, which necessitates their being cleaned just 
before assembly. The method of cleaning was 
revised about a year ago. At that time, the pro- 
cedure was as follows :— 

(1) Pickle in hot bath containing 25 per cent. 








sulphuric acid and 10 per cent. hydrochloric acid. 
(As used for pic kling “‘ stainless iron.’’) 

(2) Dip in 25 per cent. nitric acid. 

(3) Wash in water. 

(4) Dip in hydrochloric acid. 

(5) Wash with cold pressure water jet, brushing 
off any loose oxide. 

(6) Immerse for a few minutes in 5 per cent. 
potassium cyanide solution. 

(7) Dip into boiling water and allow to dry 


This procedure appeared to have two serious 
defects, viz., the number of operations, and the 
very poisonous nature of the cyanide solution. This 
solution was used to neutralise or “ kill”? any acid 
which may have been left on the sections after the 
pickling, which would cause subsequent attack. 
It also was claimed to have the effect of producing 
a clean white surface which was comparatively 
immune from rusting. Experiments with pickled 
sections were carried out in the laboratory with the 
object of replacing the dangerous cyanide solution 
by other less harmful reagents. Sections immersed 
in 10 and 5 per cent. cyanide were compared with 
others immersed in 24 per cent. caustic soda and in 
1 per cent. ammonia solutions. No material difference 
was found between them as a result of this test, either 
immediately after treatment, or after three days’ 
exposure in the open laboratory, all appeared to 
exhibit a tendency to normal rusting. Consequently, 
a caustic soda solution was tried in the works in 
place of the cyanide, but it was reported that the 
sections rusted much more quickly than before. 
Experiments were then carried out in the laboratory 
with a view to devising a pickling method yielding a 
finish on the sections comparable with the old 
process, the results of which are tabulated in Table I. 
The times refer to the minimum time required to 
remove the scale present (sections were chosen having 
as similar a degree of scaling as possible). 











‘** Salamander,”’ a product of Morgan Crucible Com- 
pany, consisting of fire-clay material containing a 
large percentage of graphite. As a matter of fact, 
when no protection was afforded, the attack was 
considerable, the crucibles being so badly attacked 
that they had to be replaced, on an average, twice 
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FiG. 2—BRAZING MACHINE 


per week. The attack took place chiefly at the air 
surface, a ring being eaten through the crucible until 
it ultimately gave way. 

The Morgan Crucible Company have recently 
stated that they can supply brazing pots made of a 
special material which is capable of resisting the 
action of molten borax to a greater extent than 


TaBLe I.—Pickling fm vterdin Beol't Sections. 
No. Treatment. Finish. 
1 1 min. hot concentrated hydrochloric acid ; eshe d, brushed and drie "y Dull grey 
2 3 min. hot 50 per cent. hydrochloric acid ; washed, brushed, and dried : ditto 
3 1 min. hot concentrated hydrochloric acid ; dipped in concentrated nitric acid ; washed and dried Good white 
4 3 min. 50 per cent. hydrochloric acid ; dipped in concentrated nitric acid ; washed and dried. ditto 
5 3 min. 50 ii cent. hydrochloric acid ; dipped in dilute nitric acid (37 per cent.) ; washed, brushed, and 
dried a a ditto 
6 5 min, 25 per cent. hy drochloric ac id ; dipped in cone centrated nitric ac ‘id ; washed and dried. Sas Stee ditto 
7 10 min. 10 per cent. hydrochloric acid ; ditto ditto ditto at ie ditto 
8 15 min. 5 per cent. hydrochloric acid ; ditto ditto ditto as eee eee ditto 
9 15 sec. 37 per cent. hot nitric acid ; ditto ditto ditto ae cama ditto 
10 45 sec. 20 per cent. hot nitric acid ; ditto ditto ditto sa: ditto 
11 1} min. 10 per cent. hot nitric acid ; ditto ditto ditto eae ee ditto 
12 24 min. 5 per cent. hot nitric acid ; ditto ditto ditto ditto 
13 10 min. 25 per cent. sulphuric acid and 10 an cent. hydrochloric acid ; om in concentrated nitric ac cid ; j 
washed and dried .. ? as Se ditto 
14 15 sec. 37 | per cent. hot nitric acid ; "washed, brushed, and dried ditto 
15 24 hours 2 per cent. cold hydrochloric acid ; washed, brushed, and dried Not cleaned 


The results showed that a variety of pickling 
solutions could be used, provided the sections were 
dipped in concentrated nitric acid. This removed 
the carbon deposit (which necessitated the brushing) 
left on the surface by the pickling solution, producing 
the bright white finish required. Owing to the steel 
being rendered passive by the nitric acid, the sections 
were less liable to rust, remaining practically 
unattacked after lying for a week in the laboratory. 
This process was adopted, using dilute nitric acid 
(about 10-15 per cent.) as the pickling agent, and 
is reported to be giving very satisfactory results. 


THE FLvux. 


When the segments are ready for brazing (i.e., 
after assembly and fixing of shrouding, the roots 
being held together either by a light gauge wire 
threaded through them, or by line welding the 
bottom of the segments), they are immersed in 
molten borax before dipping into the brass. The 
borax acts as a flux, circulating through the crevices 
to be brazed, thus thoroughly cleaning the surfaces. 
This is accomplished by maintaining a layer of borax 
a few inches thick (depending on the size of the 
segments) above the molten metal. The segments 
are suspended on a hook attached to a long arm. 
The position of the arm is regulated by a cam, which 
is driven by a small electric motor, so that the roots 
of the segment dip successively into the borax and 
brass for definite intervals. The principle of this 
machine can be seen from Fig. 2, which shows only 
the essential parts. 

Owing to its very reactive chemical nature, this 
layer of molten borax is the cause of much incon- 
venience and expense. It rapidly dissolves most 
oxides and silicates, substances which are invariably 
used in the manufacture of heat-resisting materials, 
such as crucibles, furnace linings, &c. Hence, it 
would be supposed that the borax would attack the 
crucibles used in this process, which are made of 





other materials. A comparative test was carried 
out in the works with this material, and their product 
as used by us at present, by partly immersing each 
in. molten borax. Approximately equal attack 
took place after two hours in the case of the present 
material, and eight hours in the case of the special 
material. They further proposed to lengthen the 
life of the pots by increasing the thickness of the 
upper portion in contact with the borax as shown in 
Fig. 3. The cost of these pots would be 50s. against 


Borax Level 











- SPECIAL TYPE - 


- PRESENT TYPE - 


“THe Ewomece"’ 


FIG. 3—BRAZING POTS 


23s. 6d. for those in use at present. Considering the 
longer life of these pots, as shown above, a saving 
should be effected by their adoption. 

A workman engaged in this process proposed to 
protect the crucibles by introducing a steel “liner ’ 
round the top part of the pot, reaching almost to 
the level of the metal. This suggestion was adopted, 
and has considerably lengthened the life of the 
pots. At first mild steel liners were used, but it 
was found that stainless steel withstood the action 
of the borax for longer periods, and this material has 
since been used, 
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The use of liners is not without disadvantages, 


however. The borax attacks the steel, increasing 
the iron content of the flux considerably. This 
decreases its fluidity, and also its cleansing powers, 
hence necessitating its being renewed more frequently. 
Perhaps a more serious disadvantage is its effect 
on the brass. This, being in contact with the borax, 
rich in iron content, an equilibrium is set up, resulting 
in an absorption of iron by the brass. The iron content 
of the brass is not allowed to exceed 1-5 per cent., 
and when this figure is reached, 50 per cent. of the 
metal is replaced.by new. It has been found that 
since the adoption of liners, the metal has to be 
changed more frequently. Incidentally, this equi- 
librium can be utilised in the opposite direction. By 
changing the borax more frequently, the iron content 
in the brass can be kept down. In the case of the 
electric furnace, which has a large surface area, the 
iron content of the brass can be kept below 1-5 per 
cent. for a considerable time by changing the borax 
daily. In practice sometimes the iron content has 
been found to decrease after the renewal of the borax. 

Hence, it can be seen that the real economy of 
liners is based on two opposing factors : 


(1) Without liners, the pots have to be replaced 
more often, while the brass has to be changed less 
often. 

(2) With liners, the pots last longer, but the 
brass has to be changed more often. 


the introduction of liners, full details have 
been obtained daily, with the samples submitted 
for analysis, of any changes regarding the metal, 
flux, pots, and liners, an analysis of which is given 
in the following table : 

That the liners have substantiated what was 
claimed for them is clearly shown, 7.e., in lengthening 


Since 


promising features, particularly in prolonging the 
life of the crucibles, as may be seen from the figures 
in Table II above. For reasons of economy the 
mixture was subsequently made in the works from 
boric acid and calcined borax. 

On preparing a test piece from the usual chill 
cast ingot, it was found to be full of large gas holes, 
and naturaliy gave very poor tensile results. Efforts 
were made to cast a small sound ingot for the pre- 
paration of a test bar, employing a fire-clay tube 
mould, which had been heated to redness prior to 
casting, thus ensuring freedom from moisture. It 
was noticed that on solidifying the centre of the top 


trapped gas. On splitting the ingot, it was found 
to contain numerous large holes. Ingots cast under 
similar conditions from brass from the brazing pots, 
using borax, gave sound ingots, showing the usual 
contraction or “piping” at the top, due to the 
“feeding ’’ of the solidifying metal. Fig. 4 is a 
photograph of a broken test piece, which had been 
cast from brass using boric acid-borax flux. Figs. 54 
and 5B show the general appearance of the split 
ingots cast from brass using borax and boric acid- 
borax flux respectively. 
of the brass, melted under these fluxes is shown by 
typical tensile tests given below (Table III). 

On fusing this flux much water is lost according to 
the following equations :— 


(1) 2H, BO,=B, 0,+3H,O 
(Boric acid =boron trioxide + water). 
(2) Na, B,O, 10 HO,=Na, B, 0,+ 10H,O 


ordine »orax = anhydrous borax-+ water). 
dinary borax=anhydrous borax t 


It was thought that the evolution of this water 
(as steam) might be the cause of the trouble, being 
decomposed by the metal and absorbed as hydrogen 





TaBie If, 


Furnace, } Flux. Liner. 


| 
\— —|- 
..| Borax 


A. | Old coke ..| None 


B. | New coke ..| Ditto _.| Ditto 
C. | Old coke ..| Borax ..| Stainless 
D. | New coke .| Ditto ..| Ditto 
EB. |Newcoke .. ..| Patent flux .| Stainless 


Notes.—(1) ‘“* Life of metal ”’ refers to petiod before iron content reaches 1-5 per cent.; * (2) no definite records were 


! 


Life of liner Life of metal | Life of pot 
(days). (days). | (days). 
x | 7-8) 7-2 | 3-0* 
| 6-6 f mean | 
5-051 4-97 | 5-314-6 14-0 | 14-87 
4-9 mean 3-9 f mean 15-78 § mean 
23-0 . 


15-0 | 2-63 





kept of life of pots at this time, but the number of pots used was said to be about two per week, hence three days given above ; 


(3) figures for “‘A” and “*B” 


are taken as the mean for about thirty weeks’ working ; 


(4) figures for “‘C” represent 


about twenty-five weeks’ working ; (5) figures for ‘“‘ D ”’ represent about fifteen weeks’ working ; (6) figures for ‘‘ E ” repre- 
sent about five week’s working (these figures will be discussed later when dealing with the patent flux) ; (7) in “ C,” ‘* D,” 
and “ E ,”’ the period of working was mostly twenty-four hours per day, and the flux was renewed either every day or 


every other day. 


the life of the pots from three to fifteen days. How- 
ever, they have necessitated the changing of the 
metal more often, 4#.e., every 4-6 days, against 
7-2 days. 

The actual saving afforded by the use of liners 
is calculated below : 


Required Prices. 


70/30 brass, scrap .. ..  .. 
70/30 brass from brazing pots 
Crucibles (150 lb. capacity) 

Stainless steel liners ores Swe ae 
Changing 50 per cent. metal (labour) 


25s. per cwt. 

20s. per cwt. 

23s. 6d. each 
1s. 3d. each 
ls. 6d. 


Cost per Month due to Changing Liners, Pots, and Metal. 


Without liners : ; 
Sad, € « @. 

Metal changed four times .. 16 0 
Pot changed ten times 1115 0 


1211 0 
With liners : 
Metal changed six times... 1 4 0 
Pot changed two times a 21%. @ 
Liner changed six times ye 
—— -- 318 6 


Saving per month with liners=£8 12 6 
= 68-7 per cent. 


No account has been taken of the borax, owing 
to lack of information regarding quantities and 
length of time used. In any case, it was changed 
fairly frequently before the adoption of liners, so 
should not appreciably alter the above saving. 
As can be seen from the above figures, the saving 
effected by the use of liners has been very con- 
siderable. 

The use of borax as a flux has several disadvantages, 
the chief being its corrosive action on the crucibles, 
and its viscous nature. The corrosive effect has been 
discussed above. With regard to its viscosity, 
reports from the blade shop have stated that in order 
to attain the fluidity required for successful brazing 
the borax has to be maintained at high temperatures 
of the order of 1050 deg. to 1100 deg. Cent., the 
viscosity increasing rapidly with decrease in tem- 
perature. The validity of this statement will be 
discussed later. 

An attempt to supersede borax with a patent 
flux led to interesting, although very disappointing 
results. This flux had been used for some time for 
hand brazing work, and was claimed to give more 
satisfactory results than borax. It was analysed 


in the laboratory and was found to consist of 60 per 
cent. boric acid and 40 per cent. ordinary borax, 
with the addition of a little red organic dye. It 


| and oxygen. An experiment was carried out in the 
laboratory to determine the time taken for all the 
water to be given off. A quantity of the flux was 
fused in a platinum crucible in a small gas blast- 
furnace, and maintained at approximately 1050 deg. 
Cent. It was noticed that a fairly copious evolution 
of gas took place for about ten minutes after complete 
fusion, the melt subsequently remaining fairly quiet, 


rising to the surface. These were found to be chiefly 
due to the blast penetrating the walls of the crucible, 


Taste IIT. 


' 

















bubbles ceased. A similar procedure with the flux 
was adopted in the works. The flux was fused and 
kept molten for about half an hour before use. It 
suitable for addition to the brazing pots. No marked 
of the brass (7.e., freedom from gas holes). 

A further series of experiments was then carried | 
out in the laboratory. A quantity of the flux was | 
fused in a small porcelain crucible, and a small piece | 
of brass pushed quickly below the surface. The | 
crucible was maintained at 1050 deg. Cent. for fifteen | 
minutes and allowed to cool. The resulting small | 
button of brass was cut through the centre, a face | 
polished, and examined by means of a microscope. 
The experiment was repeated, using borax in place 
of the flux. A third experiment was performed, 
similar to the first, except that the flux was main- 
tained at 1050 deg. Cent. for forty-five minutes before 
adding the brass. Photomicrographs of the resulting 
brass buttons are shown (Figs. 64, 6B, and 6c). As 
can be seen, the brass melted under borax is much 
superior to that melted under the flux, which shows 





was proposed to use it in place of the borax, and 
was given a trial. 


It appeared to possess several 





a considerable quantity of cavities, although some 
improvement seems to have heen made by maintain - 


improvement was found, however, in the soundness | 


of the ingot rose somewhat, showing the presence of | 


apart from occasional bubbles, which ignited on | 


as on shielding the latter from the direct blast, the 


was then poured out and broken into small pieces | 


ing the flux in the fused condition before adding the 
brass. 

A similar experiment was performed on a larger 
seale, using borax and the special flux which had 
been fused in the rolling mills, the resulting buttons 
weighing about lb. The brass melted under borax 
appeared sound apart from dendritic contraction 
cavities near the top, while that melted under the 
flux contained, in addition, an area with larger cavities 
near the bottom. 

The next experiment was carried out in small 





The difference in quality | 


| 
| 
| 
| 
| 
| 
| 


j 
| 


Breaking; 
Flux. stress, | Ductility. Remarks. 
tons/sq. 
in 
Boric acid-borax flux 3°39 Nil After 1 week in pot 
Ditto ditto 10-4 9-09 After 1 week in pot | 
cast in tube 
ditto ditto 3-25 1-0% | Cast in tube 
Borax .. ose se} 16:3 | 33-39% | After 1 week in pot 
ditto 23-2 | 56-49% | After 1 week in pot | 
(contained 1-5% 
iron) | 
ditto soneest leap, BGS 19-2% | Broke outside 
« pops ” 





Fic. 4—TEST PIECE OF DEFECTIVE METAL 


“Salamander” crucibles. Borax was fused and 
maintained at 1050 deg. Cent. A copious stream 
of bubbles rose to the surface, igniting with a yellow 


of the crucible by the blast gases, as on shielding the 
evolution ceased. On adding pieces of brass, no 
reaction appeared to take place, and on cooling the 
resulting button was sound apart from top dendritic 
cavities. On repeating with boric acid, bubbles 
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FIG. 5-INGOTS FROM BORAX FLUX AND 


““SPECIAL’’ FLUX 


were evolved as before, but these rose much more 
slowly than with borax, due to the more viscous 
nature of the melt. Again, these were found to be 
due to gas penetration. On adding brass, however, 
a considerable evolution of gas occurred, and persisted 
for some minutes. The resulting button contained 
minute cavities, evenly distributed throughout. 


| Hence, it appeared that the boric acid reacted in 








FIG. 6A—BRASS MELTED UNDER BORAX 


some manner with the brass, having a detrimental 
effect on the latter. It was therefore decided to 
discontinue the use of this flux in the works. 

No further experiments were carried out to determine 
the ultimate cause of the trouble, as it was clear that 
the flux was unsuitable for liquid brazing, and any 
further research on the subject would be merely of 
theoretical interest. Mr. G. L. Bailey, of the British 
Non-Ferrous Metals Research Association, has taken 
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up the matter from this aspect, and is continuing 
experiments to determine the cause. The subject 
is of great interest to him, as he has performed a 
large number of experiments on the porosity of 
brass ingots, from which he concluded it was prac- 
tically impossible to produce faulty castings due to 
gas inclusions in the case of 70/30 brass. He found 
that any gases present in the molten metal were 
either expelled during solidification or retained in 
solid solution, leaving a perfectly sound ingot. 





Fic. 68B—BRASS MELTED UNDER FLUX 


Our results were therefore rather startling to him, 
and up to the present he has been unable to explain 
the cause. 

After the failure of this flux, experiments were 
carried out in the laboratory to find a suitable 
flux to supersede borax. In addition to having 
cleansing properties equal to borax, such a flux 
was required to give a thinner melt, thus enabling 
lower temperatures to be used, and also to prevent 
the slight attack on the stainless iron blades which 





Fic. 6C—BRASS MELTED UNDER FLUX MAINTAINED 
MOLTEN 


took place at the air surface of the borax. As this 
latter defect with borax was in all probability 
merely due to oxidation, a flux allowing of lower 
working temperatures would, at least, lessen such 
attack. It was attempted to create a reducing 
atmosphere at the surface of the borax by the 
addition of a layer of charcoal, which resulted in a 
slight improvement. 

In attempting to find a thinner flux, the question 


- VISCOSITY OF FLUXES - 








methods of measuring viscosity, ¢.e., by flow methods, 
were out of the question. The most promising 
method appeared to be one depending on viscous 
drag. Viscometers working on this principle are of 
two main types : 


(1) Rotating cylinder methods. 
(2) Oscillating disc methods. 


Rotating cylinder methods were out of the question, 
due to difficulties in construction and expense, as 
all parts of the apparatus in contact with the borax 
had to be made of a material not attacked by it, the 
only satisfactory ones being rare and expensive 
metals such as platinum, &c. In the oscillating 
disc viscometers, the disc is usually of heavy design, 
and again it was impossible to use a heavy platinum 
disc for reason of expense. This difficulty was over- 
come by substituting a paddle made of platinum 
foil for the heavy disc, designed to give as great a 
viscous drag as possible. After many experiments, 
varying the gauge and length of suspension and using 
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FIG. 7—VISCOMETER FOR FLUXES 


a glycerine solution as the liquid, an apparatus 
was constructed which gave fairly promising results. 
Fig. 7 shows the apparatus as constructed, including 
the platinum dish inside the Fletcher Russell blast- 
furnace (shown in section). All parts of the apparatus 
were made from materials used in the laboratory, 
as it was felt that the expense of buying apparatus 
was unwarranted at this stage. The method of 
working was as follows :—The torsion head T was 
rotated through five complete revolutions, while the 
paddle was kept stationary by holding the light 
pointer P. The pointer was then released, and the 
time in seconds for the paddle to come to rest was 
noted with a stop-watch, the number of seconds 
giving an empirical figure for the viscosity. The 
flux was heated in a shallow platinum dish to about 
1100 deg. Cent., and allowed to cool in the furnace, 
the viscosity being measured at frequent intervals, 
and the temperature recorded with a platinum 
rhodium couple pyrometer. Thus a viscosity curve 
was obtained. At least two series of readings were 


fluoride), but no marked decrease of viscosity was 
obtained. 

Before proceeding further, the apparatus was 
modified slightly. With the previous apparatus, 
the melt cooled too quicky to obtain any great 
accuracy. Accordingly, the design of the paddle 
was altered so as to be adaptable to a deeper crucible, 
and was made in the form of a cross, as shown on 
Fig. 88. This crucible could be inserted in the electric 
tubular furnace in the laboratory (Fig. 9), in which 
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Fic. 9—-ELECTRIC FURNACE 


the temperature could be accurately regulated. As 
the maximum temperature attainable in this furnace 
was 1000 deg. Cent., readings at higher tempera- 
tures were obtained in the blast-furnace as pre- 
viously. Much greater accuracy was thus attained 
by this apparatus. 

The apparatus was calibrated by measuring the 
viscosity of various oils by the Redwood viscometer 
and by the above apparatus. The curve (Fig. 10) 
gave a linear equation, by which the viscosity of 


~ CALIBRATION CURVE FOR FLUX VISCOMETER. - 
V= Viscosity in Seconds as Measured by Viscometer 
a R= Redwood Viscosity in Mins. 
From Curve.- 
R=1041-:92V 
15} 
Vv 

10F 

5 5 

0 rn 
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FiG. 10—CALIBRATION CURVE 


the fluxes as measured could be converted to Redwood 
figures. The curve for borax was repeated, and 
appeared to have a similar form. The curve was then 
obtained for a flux consisting of 40 per cent. borax, 
30 per cent. sodium carbonate, and 30 per cent. 
potassium carbonate. This flux was arrived at after 
experiments carried out in 1930, to find a low-melting- 
point flux for use with hand brazing. It was then 
considered to be much thinner than borax, having a 
definite melting point at about 750 deg. Cent. These 








taken for each curve. The viscosity curves for borax 


facts were borne out by the curve now obtained. 


- VISCOSITY OF FLUXES - 


From Calibration Curve R=1041:92V 
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of measurement of viscosity had to be considered. 
At such high temperatures it is very difficult to 
compare the fluidity of melts by such crude methods 
as stirring with a carbon rod, or observing the rate 
at which the liquid runs off a rod, quickly lifted out 
of the melt. It was therefore attempted to devise 


some method whereby the viscosity of these fluxes 
could be measured, with a sufficient degree of accuracy 
for our purpose. 





Obviously, the usual commercial 


FIGS. 8A AND 8B—VISCOSITY OF FLUXES 


and the boric acid-borax flux were thus determined 
(Fig. 8A), which showed that the latter was more 
viscous than borax, contrary to the reports from the 
works. Previously, more crude methods of observa- 
tion had indicated that this was so, but these results 
definitely showed the relationship between the two 
fluxes. The curves for a few mixtures likely to give 
thinner melts than borax were then determined 
(t.e., with the addition of sodium silicate and calcium 





It may be noted that the viscosity of borax at about 
1000 deg. Cent. is about 1000 secs. Redwood, i.e., 
of the order of that of turbine oil, at 70 deg. Fah. 
These experiments were carried out on pure sub- 

stances, whereas, in practice, the borax after some 
hours’ use, is far from pure. In order to determine 
the increase in viscosity of borax during use, samples 
were taken from the electric furnace after twelve 
to twenty-four,hours’ use. Thesegwere melted in 
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larger ‘‘ Salamander ” crucibles, as the metals present 
in the flux would destroy the platinum. The increase 
in viscosity is shown by the curves. 

The results of these experiments show that as far 
as viscosity is concerned, borax should be quite 
suitable for brazing at as low a temperature as 
950 deg. Cent., even when it is contaminated to such 
an extent that it is considered unfit for brazing 
(i.e., after twenty-four hours’ use). Thus, it would 
seem quite possible to braze at much lower 
temperatures than at present, e.g., with a borax 
temperature of~about 950 deg. to 9°50 deg. Cent., 
corresponding to a brass temperature of about 
1030 deg. to 1050 deg. Cent. This would minimise 
the evolution of zinc, and the attack on the crucibles 
and blades, in addition to the saving afforded in 
heating. This temperature, which is 70 deg. to 
90 deg. Cent. above the freezing point of the brass, 
should be high enough to prevent any setting of the 
brass on immersion of the segments, as the tempera- 
ture of these has been raised to the borax tempera- 
ture before entering the metal. It may, however, 


necessitate the time of dipping in the brass being 
slightly lengthened. A series of experimental seg- 
ments would have to be prepared in order to prove 
whether the above theory is correct. At present 
however, another more important factor is being 
considered, namely, the spacing required between 
blade and section. This will be discussed later. 

The low-melting-point flux mentioned above 
(i.e., 40 per cent. borax, 30 per cent. sodium carbonate, 
30 per cent. potassium carbonate) was tried in the 
works in connection with some spacing experiments. 
The tensile results obtained on the segments were 
not good, although this does not necessarily condemn 
the flux, as the spacing was unsatisfactory. The 
fluidity was very much greater than borax, and its 
cleansing powers were quite satisfactory (shown 
by the experiments carried out in 1930). Hence, 
it should prove very satisfactory as a flux, except 
that its price would be higher than borax. From 
the above results it appears unnecessary to change 
from borax as a flux. 





(Lo be continued.) 





International Congress on Large Dams. 


No. V. 
(Continued from page 597, December 4th.) 


QUESTION V: StTupy OF THE FaciInc or Masonry 
AND CONCRETE Dams. 


IHE ten papers on this subject were contributed 
from nine separate countries. In some respects 
the most interesting of these reports is that by Mr. 
W. J. E. Binnie, the Chairman of the British Dams 
Committee, which describes the novel design and con- 
struction of the Shing Mun dam near Kowloon, China. 
We printed a full abstract of this paper on page 526 
of our issue of November 13th. 

The German report of Professor D. Ludin, ‘‘ Design 
and Behaviour of the Facing of Large Dams in 
Germany,” is a well-documented and comprehensive 
résumé of German practice. Of the seventy-four 
dams in Germany, with a height of more than 15 m., 
fifty-nine are gravity dams, and the report contains 
a critical examination of forty-seven of them. Nearly 
«ll gravity dams in Germany are of stone masonry, 
some of very recent construction (1932). Only 
seven, including, however, the two highest, are 
modern concrete structures. In the case of masonry 
dams, many of which have been built with trass 
mortar or cement-trass mortar, the downstream side 
is generally constructed without any special facing, 
and only trowelled with cement mortar, a practice 
which has proved satisfactory. The upstream sides 
of masonry dams are generally protected by a special 
method, introduced by Professor Intze, the principal 
elements of which are :—(a) A waterproof mortar 
coating, 25 mm. to 30 mm. thick, applied in two 
layers; (b) two or three coats of bituminous anti- 
corrosive paint applied to the mortar coating; (c) a 
protective facing of masonry or rammed concrete, 
having a minimum thickness of 0-6 m. to 0-8 m., 
in front of the waterproof coating, and dovetailed 
to the body of the dam structure; and (d) a network 
of drainage pipes in the interior of the masonry, 
spaced 1 m. to 2 m. behind the protective covering, 
discharging at the foot of the wall on the downstream 
side. This system has been generally found to be 
satisfactory and the provision for drainage to the 
downstream side has proved to be unnecessary. Good 
results have also been obtained recently with a more 
economical method of construction, comprising a 
gunite coating or hand plastering, without protec- 
tive covering. 

The last large stone masonry dam built in Germany 
was finished in 1932, and it is probable, the author 
says, that concrete construction will be employed 
exclusively for building future large dams in that 
country. 

Dr. Heinrich Weigl (Austria), in ‘‘ The Water- 
tightness of the Body and of the Facing of Concrete 
Dams,” describes in some detail the causes of and 
the means adopted to reduce leakage through the 
body of the Tauernmoos dam in Austria. ‘‘ Of the 
three large dams which were erected by the Austrian 
Federal Railways at the time of the electrification of 
the western system, the most recent is that of the 
Stubach power plant at Tauernmoosbaden. Even 
dt the first trial, minor water leakage appeared. 
This brought about a search for the causes of the 
permeability of concrete dams and their masonry 
facings, not only in this special case, but also in 
general.’’ The dam is of concrete, faced with masonry 
on both the upstream and downstream sides, and of 
about 29 m. maximum height. As a result of the 
investigation, it was established that the building of 
the masonry facing on the upstream side delayed 
the deposit of concrete and in consequence entailed 
the placing of concrete in numerous superimposed 
thin layers, separated by construction joints, through 
which water percolated. 

Dr. Weigl recommends that the number of con- 


ing concrete layers of great thickness, each in a single 
operation, and that the facing on the upstream side 
should preferably be an apron of concrete, of care- 
fully chosen composition, frostproof, and without 
joints, or of concrete blocks of large and suitable 
dimensions. 

Monsieur A. Haegelen (France), in a ‘ Study of the 
Facing of Masonry and Concrete Dams,” discusses 
observations made on a number of dams in France. 
A great many of these works, however, are so recently 
completed that it is not possible to consider as final 
the conclusions based on the observations so far made. 
At the Grand Rhue dam, situated at a medium alti- 
tude and brought into use in 1926, it has been noticed 
that the layer of cement, without steel remforcement, 
applied on the upstream face by a cement gun, is 
showing signs of damage by frost. In the Pyrenees 
several dams built at an altitude above 1500 m. with 
cement mortar coatings, some of them with steel 
reinforcement or protected by bituminous paint, 
show signs of poor resistance to climatic action. The 
means of protection used for the Oule and Artouste 
dams (crest levels 1800 m. and 1990 m. respectively), 
consisting of an ashlar facing protecting the water- 
proofing system of reinforced concrete rich in cement 
with asphalt coating, seem, on the other hand, to 
give full satisfaction. The author also describes the 
facings used for some dams whose construction has 
just been completed, among which are those at 
Sarrans, Chambon, Maréges, Bissorte, and Sautet. 
In his conclusions the author draws attention to the 
present trends of French practice, which he sum- 
marises as:—‘‘(a@) Upstream faces: methodical 
study of the composition and water-tightness of 
different concretes ; vibration of the poured concrete ; 
increase of the cement ratio of the concrete in the 
upstream part of the dams; use of bituminous 
coatings applied by cement gun or use of steel rein- 
forcement in the coatings, either separately or 
together. 

‘For dams located at high altitudes: use of 
facings made of masonry able to withstand frost and 
variations of temperature. 

‘**(b) Downstream facing: for dams subjected to 
rigorous climatic conditions : increase of the cement 
ratio of the concrete in the vicinity of the downstream 
face, or even an ashlar work facing.” 

Professor J. Bolomey, of the Lausanne School of 
Engineering, comes to much the same conclusions 
as Monsieur Haegelen concerning the facing of con- 
crete and masonry dams. In his paper he gives 
particulars of the methods employed in a number of 
recent dam structures not only in Switzerland, but 
in Germany, France, and Belgium as well. Asphalt 
or bituminous coatings, he says, have but a short life 
if exposed to shocks and they must be capable of with- 
standing temperature variations and the chemicel 
action of water. Cement mortar coatings applied 
by hand are not to be recommended. Mortar cement 
applied by the cement gun and reinforced is more 
satisfactory, but fails if applied to a concrete face 
previously damaged by frost. Rustless steel plates 
are difficult to put in place and very costly. The 
author favours a bituminous coating 5 mm. to 20 mm. 
thick, reinforced by fabric and protected on the water 
face by a mortar coat, applied by a cement gun, 
reinforced with steel and solidly clamped to the body 
of the dam. It is essential, he says, that the water- 
proof coating of concrete should have a high cement 
content and be capable of resisting frost and the 
chemical action of water. Professor Bolomey views 
with disfavour natural stone masonry on the upstream 
face of a dam, but thinks it is advisable on the down- 
stream face. On the other hand, he is of opinion that 
a relatively thin layer of artificial stone slabs backed by 





Mr. G. S. Lalin (Sweden), in “Stone Facing on 
Concrete of Hydraulic Structures,” refers to a ques- 
tionnaire circulated in Sweden among owners of large 
dams respecting their experience with stone facing. The 
replies received include opinions relating to the value of 
stone facing ranging from entire condemnation to a 
lively appreciation. The purposes of a stone facing 


are subjected to critical consideration. The con- 
conclusion reached is that stone facing is of value 
as protection against mechanical action and also 
against variations in temperature. It is pointed out 
that the value of stone facing in such cases is 
dependent on the quality of its execution. A facing 
may be of use if it is well executed, but it may also 
be a drawback if badly made. 

Dr. K. Lossmann and Mr. J. Petzny (Czecho- 
slovakia), in their report, describe the method used 
in the construction of the Vranov dam on the river 
Dyje, completed in 1934. This is a concrete structure, 
55 m. high, of the gravity type. A front facing of 
impermeable concrete was placed separately from the 
body of the dam and allowed to cool before the inter- 
vening space of 2 m. was filled. They report that no 
damage from freezing has occurred. 

Mr. P. D. Glebov (U.S.S.R.) contributes a long and 
well-illustrated paper on the “Use of Bituminous 
Materials in Construction of High Dams.” It con- 
tains an account of the use of bitumen in the building 
of the large barrage and hydro-electric power house 
on the river Svir, where the subsoil conditions made 
it necessary to provide for a considerable degree of 
flexibility. Asphaltic or bituminous mats were first 
used in Russia in the Svir works, and have since been 
applied in the construction of a number of earth- 
filled dams in the U.S.S.R. The author recommends 
the use of bituminous coatings for the protection of 
concrete in massive structures not subjected to 
deformations. Where uneven settlements, formation 
of cracks, &c., are to be expected, a thin insulating 
coating of bitumen is, however, likely to be damaged, 
and in such cases the use of bituminous coatings 
cannot be recommended. Bituminous coatings 
applied to exposed surfaces must be protected against 
the impact of floating bodies. 

Suitably constructed bituminous mats, Mr. Glebov 
says, are highly water-tight, flexible, and strong. 
They resist well the action of water, and they can be 
subjected without damage to temperature changes. 

Mr. Iwan Iwanow (Bulgaria) in a short paper 
emphasises ‘“‘ the necessity and importance of the 
facing of dams, especially on the upstream side, as 
protection against frost damage and the deteriorat- 
ing influence of aggressive water. According to past 
experience with dams in high mountain regions, and 
in the opinion of the author, it is felt that in large 
massive dams the structure should be made of con- 
crete with a small quantity of cement and the up- 
stream side of the dam should be waterproofed 
in such a way that the water cannot enter the interior 
of the dam, and thus come in contact with the inner 
material of the dam body.” In the author’s opinion, 
the best method of waterproofing the upstream face 
is that suggested by Dr. Link, of Essen, for the Beli- 
Isker dam in Bulgaria, where a copper-brass sheet 
interposed between the concrete structure and the 
masonry face covers the whole of the upstream side 
of the dam. 

Professor G. A. Nielaender, of the State Institute 
of Building Research, Moscow, is the author of a 
highly mathematical paper, ‘‘ Resistance to Cracking 
of Surface Layer of Concrete Gravity Dams,” and 
describes investigations which are being carried out 
on a large scale at the Dnieprostroi dam under his 
direction. The report deals with the experimental 
and theoretical results obtained by tests on the dam, 
and laboratory investigations of stresses and tempera- 
ture strain in concrete. One of the author’s conclu- 
sions is that “ the resistance to cracking of the surface 
layer is determined not by the mechanical strength, 
but by the plasticity of concrete. The higher the 
plasticity the larger the absolute magnitudes of 
surface strains that may be taken up by the concrete 
without cracking.” 

No report on this question was submitted from the 
United States, but Captain T. H. Stanley, of the 
Division of Rivers and Harbours, Corps of Engineers, 
U.S. Army, who is responsible for the General Report 
on the subject, observes that “‘ considering first the 
practices employed for reducing or eliminating per- 
colation, it appears that in Europe greater attention 
has been given to this factor than in the United 
States. The use of asphaltic or similar compounds is 
quite general. In the United States the extensive 
and meticulous measures used in Europe for protect- 
ing the faces of dams are not always employed. Here 
careful control is exercised over the selection and pre- 
paration of materials, and over their placement. In 
important structures the practice generally is to 
require that the concrete adjacent to exposed faces 
of dams be of richer mix than that used in the main 
body and that it be placed simultaneously with the 
concrete in the body of the dam to ensure an integral 
mass.” 


DISCUSSION ON QUESTION V. 
The discussion on Question V took place on 
Tuesday, September 8th, with Mr. Alex. Ekwall, the 
Engineer-in-Chief of the Royal Swedish Water 
Directorate and a Vice-President of the International 
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of the discussion was in some respects contrary to the 
views expressed in the majority of reports, and 
emphasis was given by most speakers to the import- 
ance of careful selection of a specially suitable coment 
and an impervious concrete on the upstream face of a 
dam. Mr. Ekwall referred to the climatic conditions 
for which provision has to be made in building dams 
in Scandinavia. Mr. J. Williamson described the 
concrete facing of the recently completed dams of the 
Galloway Power Company, in which the cement 
content of the concrete for a thickness of about 2ft. 
on the face of the work is doubled, the rich concrete 
being deposited simultaneously with the backing 
concrete. Mr. J. R. Davidson, the Engineer-in-Chief 
of the Metropolitan Water Board (London), drew a 
comparison between the masonry dams of earlier 
construction, such as that at Vyrmwy, in which cracks 
either do not exist or are unimportant, and modern 
concrete dams. Monsieur Haegelen supplemented 
the information contained in his report—emphasising 
the value of vibrated concrete of a high cement ratio 
on the upstream face of a dam. Signor Scimenci 
(Italy) mentioned a report from that country received 
too late for reference in the general report. This 
contains particulars of about 100 Italian dams. The 
best results in many cases appear to have been 
obtained by the use of rich concretes. The apparent 
lack of interest in special facings of concrete dams in 
America was explained in the views expressed by Mr. 
Hugh L. Cooper, who said that the use of facings is a 
mistake and that the whole dam should be made of 
superior quality concrete. If the concrete itself is 
impervious and is not deposited so fast that the heat 





of hydration causes abnormal shrinkage the dam will 
be tight. Leakage, he said, frequently developed 
through shrinkage cracks that originated in the face. 
To prevent their formation Mr. Cooper favours the 
creation of shallow joints to take up the surface 
expansion, the joints being formed by inserting a 
tar paper diaphragm to a depth of about 3ft. below 
the surface. Others who took part in an interesting 
discussion were Mr. L. F. Harza, of Chicago ; Capt. 
Stanley, Monsieur Renaud, France; Messrs. B. 
Helistrém, Gedye, Lewin (U.S8.A.), and Professor 
Rehbock (Germany). 

At the executive session of the International Com- 
mission on Large Dams, which took place at the close 
of the Congress, the following ‘“‘ conclusion’ was 
adopted on the motion of Mr. Ekwall :— 

*'The First Congress (in Stockholm and at Troll- 
hattan, Sweden) adopted among other conclusions, 
on Question Ia (gravity dams), the following :— 

““(e) For dams subjected to special climatic 
conditions, it is further recommended that at least 
the upstream face of the dam be specially pro- 
tected. 

‘** The Second Congress (in Washington, U.S.A.) has 
studied Question V, on facing of masonry and con- 
crete dams, and approve the above-mentioned con- 
clusion of the First Congress, adding the following :— 

* Under these’ conditions the special facing could 

be omitted if the dam is to be constructed of a 

concrete that experience has proved to be both 

water-tight and frostproof.” 
(To be continued.) 








The Crystal Palace 


By G. A, 


boy E destruction of the Crystal Palace by tire on 

Monday night, November 30th, presents an 
opportunity of placing on record the close association 
between the Palace and the old London, Brighton 
and South Coast Railway, particularly in the early 
years of the former. 

The suburban traffic of the L.B. and $.C.R. owes its 
initiation and growth to a considerable degree to the 
transportation of the building of the first Inter- 
national Exhibition to the southern heights of 
Sydenham. Up to 1850 little hope of the quick growth 
of suburban traffic onthe L.B. and8.C.R. was indicated. 
Along the course of the line as far as Croydon the 
volume of traffie increased but slowly ; either side 
of the line for some miles was merely open country, 
save for various hamlets or villages. The South- 
Eastern would naturally develop the eastern side, 
leaving to the Brighton the district westward as far 
as the London and South-Western Railway. The 
chairman and managing director of the London, 
Brighton and South Coast Railway was Samuel Laing. 

The success of the (first) International Exhibition 
held in 1851 was phenomenal, and produced a flood 
of excursion traffic from which all railways benefited. 
Subsequently a company was formed to purchase the 
buildings of the Exhibition, and to re-erect them at 
Norwood as a permanent Exhibition and pleasure 
resort. Samuel Laing was chairman of the Crystal 
Palace Company also and his dual offices formed a 
link between the Palace and the London, Brighton 
and South Coast Railway companies. 

The local traffic at this time (1852) consisted of 
twenty trains each way, stopping at all stations to 
Croydon. Great increase in traffic was expected 
when the Palace at Sydenham was opened, and it 
was arranged that the railway should provide a 
second down line and a branch from the railway (a 
short distance north of the spot now occupied by 
Penge Station) into the grounds of the Palace. The 
suggested branch was a quarter of a mile long, and 
would have been just within the grounds. To reach 
the Palace people would have a walk of nearly half 
a mile on a stiff rising gradient. This obviously 
would be a great detriment to the popularity of the 
Crystal Palace. The plight of visitors arriving and 
departing during rain needs no stressing. 

Powers were, therefore, obtained to make a branch 
railway with a station only a short distance from the 
Palace. To obtain amoderate gradient it was necessary 
for the branch to diverge from the main line at 
Sydenham and on a rising gradient, first parallel with 
the main line, and then on the south side of the Palace 
grounds, the total length of the branch being } mile 
7 chains. It was opened on April Ist, 1854. 

The Palace opened at nine o’clock on Mondays, 
and an hour later on the four following days; the 
charge for admission being Is. On Saturdays the 
charge was 5s., the opening being at noon. There 


was a half-hourly service from London Bridge from 
9.10 a.m. to 5.10 p.m. The return half-hourly service 
commenced at 11.50 a.m. and continued till 7.50 p.m., 
with additional trains, up and down, according to the 
number of passengers. Most of the trains up and down 
were non-stop, but three down in the morning and 
four up in the evening called at New Cross and 
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Forest Hill. These morning and evening calls were 
chiefly for the convenience of the staff employed at 
the Palace. The down trains making the call were 
those at 7.10, 8.10, and 9.10 a.m., the first two being 
earlier than the half-hourly service. 

At this time London Bridge was by far the most 
used railway terminus, serving as it did the whole 
of the south and south-east England. London Bridge 
was the only free bridge by which it could be 
approached; Southwark-street had not been con- 
structed, so that the road approach to the London 
Bridge Station from the north of the Thames by the 
only other toll-free bridges (Blackfriars and West- 
minster) was circuitous, and for vehicles in effect 
almost prohibitive. 

The pressure upon London Bridge on Saturdays 
in the summer, at the holidays, and on race days was 
tremendous. It has since been widened and people 
who consider dilatory the present “rush hour” 
procession of motor vehicles over the bridge would 
epen their eyes in amazement had they viewed the 
bridge at a busy time in the middle of the nineteenth 
century. All vehicles were horse-drawn, and many 
were lumbering and slow-moving. Cabs, buses, and 
the gigantic array of private vehicles making for the 
station became intricately mixed, and an hour might 
well be spent in covering the distance between the 
King William statue and the station. 

For this reason the river steamboats serving the 
Surrey side pier at London Bridge were well patron- 
ised ; to provide facilities for visitors to the Crystal 
Palace, the London, Brighton and South Coast Rail- 
way arranged with the Ironboat and Citizen Steam- 
boat Companies each to run a regular service from all 
piers to the Surrey side London Bridge pier at ten- 
minute intervals, and when the pressure was greatest 
every five minutes. Passengers could book through 
from the piers at an inclusive fee for the boat, railway 
travel, and admission to the Palace. 

Return fares including admission on ls. days were : 
first class, 2s. 6d.; second class, 2s.; and third class, 
ls. 6d. These tickets could be obtained at booking 
offices all over London, and to avoid delay in reaching 
the trains at London Bridge, a separate entrance to 
the station was provided for people who already had 
obtained Palace rail tickets. 

The Palace season tickets cost two guineas each 
and holders could obtain a combined railway and 
Palace ticket for four guineas. These seasons were 
for first-class carriages, but the railway made a con- 
dition that ‘‘ every endeavour will be made to afford 
at all times a sufficient number of first-class seats ; 
but in order to obviate disappointment it is necessary 
to announce that in case of a great concourse of 
persons, no particular class of carriage can be 
guaranteed.”’ No change was given to applicants 
for Crystal Palace tickets and ‘* passengers must 
therefore provide themselves with the necessary 
silver.” 

Two-guinea season ticket holders, upon showing 
their tickets could obtain a first-class return ticket 
for ls. 6d. The ordinary single fares from London 
Bridge to the Crystal Palace were : first class Is. 3d.; 
second class, ls.; and third class, 9d. 

Of the 1s. 6d. tickets the Palace Company received 





three-quarters until £30,000 a year had been received 
from railway gers ; the railway’s share was, in 
fact, 5d. of the ls. 6d, It therefore paid the Palace 
Company a fee of ld. on every passenger it carried to 
the Palace, After £30,000 had been received by the 
Palace Company the railway’s share was raised to 
74d. per passenger, 

The line to the Palace rises 250ft.; about 150ft. of 
this is on the branch, and it was computed by the 
railway that this made the cost of working the down 
journey equal to one of 17} miles, in place of the 
74 miles actual; on the return journey, however, the 
cost of the running was below the normal, because of 
the favourable gradients. To surmount the gradients 
the trains were restricted in length to twelve carriages, 
as it was found that with longer trains two engines 
would be necessary, The railway had very few tank 
locomotives at the time, the total was nineteen for 
the whole of the suburban and short branch traffic of 
the system, and only fourteen or fifteen would be 
available on any one day. 

The supply of carriages was increased to meet the 
requirements. The open thirds were enclosed and many 
of the ‘‘ Parliamentary ” coaches improved, so that 
they could be utilised for the Palace trains. Even 
then the railway only had 172 third-class carriages. 

In a twelve-coach train 600 passengers could be 
carried, but except at certain times the number was 
generally about 280. Like all traffic of this character. 
it flowed one way in the morning and in the opposite 
direction in the evening, necessitating the running of 
many empty trains. The daily average conveyed on 
shilling days was 10,000 ; on special occasions 20,000 
or more each way. The return traffic was worked in a 
less satisfactory manner, although there were two up 
lines allowing for many Palace specials to be run. 

The South-Eastern trains, however, had their 
tickets collected at a ticket platform outside London 
Bridge, and whilst this was being done other up trains 
were impeded. ‘The Brighton Railway offered to allow 
the South-Eastern trains to stop at Forest Hill for 
the ticket collection, but that company did not accept 
the proposal, and the unsatisfactory conditions con- 
tinued until the additional down line and the enlarged 
London Bridge station were brought into use. 

During the six and two-third months from the 
opening to the end of 1854 the railway received 
£38,000 for conveying passengers to and from the 
Palace. The expenses were about £15,000, so that a 
gross profit of £23,000 resulted. The expense of 
making the branch and station was £142,000 and the 
additional engines and carriages for the traffic cost 
£58,000. 

A railway was under construction from West 
Croydon to Wimbledon, and it was proposed that 
trains should run from Waterloo vid Wimbledon, 
Mitcham, and West Croydon to the Palace, thus 
providing a second route, which would serve the 
West End. This would have been a long way round 
=-some 17 miles, compared with the 74 from London 
Bridge. 

The Crystal Palace trattic was, however, far too 
important to escape competition, and a company 
was incorporated with the title of ““ The West End of 
London and Crystal Palace Junction Railway ” to 
construct a line from the Thames at Battersea, 
adjacent to a new bridge across the river then con- 
templated, alongside the London and South-Western 
line to Clapham Junction, across Wandsworth 
Common, through Balham, Streatham, and West 
Norwood, to join the London, Brighton and South 
Coast at the Crystal Palace Station; hence the 
‘“* Junetion *’ in the already lengthy title. This would 
thus provide a route from the West End; a feature 
was the inevitable steamboat pier at the Battersea 
terminus, to enable travellers from all parts to reach 
easily the railway. The line was also to be continued 
from the Palace southward to the Brighton line at 
Norwood, thus furnishing a run-through line from the 
South Coast to the Palace. A large area was 
to be obtained from the Crown for passenger 
and goods stations adjacent to the new bridge, 
which was expected to be toll free, and the distance 
from Hyde Park and neighbourhoods north-west 
and south of it was claimed to be less to the 
Battersea Station than to Waterloo. 

The London, Brighton and South Coast agreed to 
work the line, on terms favourable to both railways, 
but did not propose to find money to construct it. 
The West End Company then proposed a junction 
with the London and South-Western at Clapham 
and to work over that line to Waterloo, an arrange- 
ment quite agreeable to the latter, but again no 
financial help was promised towards the construction 
of the line from Clapham to the Palace. On December 
Ist, 1856, the West End and Crystal Palace Railway 
opened the first portion of its line. Not, however, 
from London, but from a temporary station on the 
wilds of Wandsworth Common to the Brighton Rail- 
way at the Crystal Palace. The intermediate stations 
were Balham, Streatham, and Lower (not West) 
Norwood, the total distance being 44 miles. Works on 
the line included a bell-mouthed tunnel at the Crystal 
Palace Station (the line being a continuation of the 
London, Brighton and South Coast branch to that 
station). The tunnel was 750 yards long and it was 
only 20 yards from the base of one of the Palace 
water towers. 

There was a brick viaduet of eleven arches, 35ft. 
high, with a total length of 150 yards at Norwood, and 
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a second tunnel, 438 yards long, a short distance east 

of Streatham Station. The gradients were in places 

heavy, the steepest being 1 in 89. 

The London, Brighton and South Coast worked 
the line under a percentage arrangement by extending 
some of the London Bridge-Crystal Palace trains to 
Wandsworth Common. 

Samuel Laing had by this time become a member of 
the Government, and the new chairman of the 

Brighton compared the London Bridge-Wandsworth 

Common line to that of the North London to 

F'enchurch-street. 

During 1857 over 915,000 passengers were carried 
to the Crystal Palace from London Bridge, whilst the 
average number of passengers on the West End line 
was 8000 a week. 

The Crystal Palace traffic continued to be regarded 
as the important suburban business of the L.B. and 
8.0.R. At the end of 1861 thirty-seven trains daily 
were run between the Palace and Victoria and twenty- 
four between London Bridge and the Palace. 
Gradients as steep as 1 in 65 were passed over, and 
to obviate the possibility of a train stalling the load 
was restricted to thirteen carriages. 

The London, Brighton and South Coast Railway 
was unfortunate in the matter of serious accidents. 
‘Two occurred to trains from the Crystal Palace at 
New Cross. That station is at the foot of a long steep 
decline, and in the days before automatic continuous 
brakes, to stop in an emergency was a matter of 
chance; an additional danger resulted from the 
tickets of up trains being collected there, the then 
usual ticket platform being south of the station. Asan 
added protection both outer and inner distant 
signals were provided, as well as the usual stop 
signals. On June 23rd, 1869, a Licensed Victuallers’ 
Féte was held at the Crystal Palace, and a train con- 
veying about 600 excursionists to London Bridge 
that evening was run into at New Cross, while tickets 
were being collected, by a goods train. No carriage 
was derailed and no passenger was killed, but 357 
made claims for injuries. The railway paid £70,000 
in compensation and had received only £17 for convey- 
ing the 600 passengers 15 miles. 

The L.C. and D.R. was bent upon a general com- 
petition with all existing lines within a reasonable 
distance of its projected system. A line was pro- 
moted and authorised to the Crystal Palace to reach 
it at the level of the building. The new railway com- 
menced at Cow-lane Junction, a short distance east 
of Peckham Rye Station. 

So anxious was the Chatham Company to reap a 
golden harvest from the Palace traffic that the line 
was opened before the intermediate stations were 
ready, and the 4} miles from Peckham Rye were 
stationless, an unusual distance on suburban lines ; 
but stations soon were opened at Honor Oak and 
Lordship-lane, whilst some years later Nunhead and 
Upper Sydenham were added. There were two 
tunnels on the line, each about } mile in length ; the 
branch also crosses the Sydenham tunnel of the main 
line. The second tunnel was close to the terminus. 
The station was only partially completed when the 
line was opened on August Ist, 1865, and was 
separated from the Palace by a public road. 
A subway giving direct access to the Palace from 
the High Level Station was constructed. The service 
of trains consisted of nineteen each way. They ran 
from and to Victoria, and the access from Ludgate-hill 
was to have been by a spur from Loughborough Park 
to Denmark Hill, but this was not completed for 
some time. City passengers, therefore, had to change 
at Brixton. 

At the end of 1866 thirty-three trains were running 
from Victoria (L.C.D.) to the High Level Station at 
the Palace, still with the connections from Ludgate- 
hill at Brixton. Forty minutes were spent on the 
journey of 9? miles, whilst the third-class fare was 
3d. more than by the competing Brighton service, 
which took only thirty-two minutes and provided a 
few more trains, 

To encourage people in town to patronise the Crystal 
Palace the cost of annual tickets was two guineas, 
and the L.C. and D. and L.B. and §8.C. railways 
issued to holders of these Crystal Palace annual tickets 
railway season tickets from London to the Palace at 
the extraordinarily low rate of two guineas a year. 
A condition was that the return journey could not be 
made before 4 p.m.; otherwise by an outlay of four 
guineas a person could have obtained a season ticket 
equal to the ordinary season which cost from £11, 
to £15, with an annual admission ticket to the Palace 
thrown in, as part of the four guineas bargain. 
Attempted breaches of the conditions and the com- 
paratively few tickets issued caused the railways to 
withdraw the concession atthe end of 1874. 

On special occasions, particularly in connection with 
great national events, the railways handled immense 
traffic at their Crystal Palace stations. Numerous 
through trains were run from all parts of the country 
on many such days. A notable feat in this con- 
nection was the conveyance of about 100,000 
passengers to and from the Palace by the two rail- 
ways for the Coronation Féte commemorating the 
accession of King Edward VII, on June 30th, 1901. 
The L.B, and §,C.R. ran forty-two specials to and 
from the Low Level Station and fourteen to and from 
Penge. The S.E. and C.R. dealt with thirty-seven 
specials at the High Level Station. Of so great 


arrangements considered that the general managers 
and superintendents of the line of both railways 
attended at their respective Crystal Palace stations 
all the day, supervising the arrangements. 








Letters to the Editor. 
(We do not hold ourselves responsible for the opinions of our 
correspondents.) 





THE AIR RESISTANCE OF TRAINS. 


Sir,—We have my own theoretical calculations, pub- 
lished in 1925, and Mr. Johansen’s model experiments. 
Surely the next thing to be done is to run two similar 
trains, one streamlined and the other standard, under 
circumstances as alike as possible, and see what is the 
difference in the coal consumption. 

As a matter of fact, one practical experiment has been 
tried. I refer to the case, mentioned in your leading 
article, in which certain ventilators were found to increase 
the coal consumption. I have no hesitation in saying that 
if the design had been submitted to Mr. Johansen or to me 
for an opinion the effect would have been predicted. 

This instance alone should be sufficient to convince 
everyone of the importance of even comparatively 
minute modifications of the contour of all the vehicles of 
@ train. 

C. F. DeENpy MaRsHALL. 

Guildford, December 4th. 


[We agree with Mr. Dendy Marshall that the next thing 
to do is to run a streamlined train and a non-streamlined 
on the same service and measure the difference in coal con- 
sumption, but the test should be run for not less than six 
months, and preferably for a year. Questions other than 
coal consumption might thereby be covered.—Eb., 
Tue E.] 


Sir,—In your article on streamlining of locomotives, 
published in your issue of last week, you appear to antici- 
pate trouble with the heating of bogie boxes on account 
of want of cooling owing to the shrouding of the bogie 
wheels and axles. I would like to point out that there 
need be no fear of such trouble if roller bearings are used. 
Already such bearings are in use in the Tropics, where 
it has been proved that at maximum hot weather tem- 
peratures the temperature rise in service is negligible as 
compared with that found with the plain bearing. When 
the German Reichsbahn built their first high-speed 
machine they included roller bearings. to meet the 
possibility of trouble, and other streamlined engines, 
notably those working the Hiawatha on the Chicago 
Milwaukee, the new 4-4-4 S.L. machines on the C.P.R., 
as well as several other systems, are all, I understand, 
free from the trouble you contemplate. 

IT may mention that during the last eighteen months 
more than 100 engines have been ordered for railways 
in the Dominions with roller bearings on their bogies, 
while fully 500 axles have been so fitted. 


London, §.W.1, December 7th. C. A. Hype. 


Sir,—To people who have followed the progress of 
experiments on railway vehicle ‘ streamlining ”’ on over- 
seas railways Mr. Johansen’s paper contains little of 
novelty. Similar small-scale tests have been made in 
the U.S.A., Franee, and Germany, and it is curious that, 
in your commentary, whilst you point out the obvious 
fact that the findings resulting from experiments in 
miniature are not necessarily applicable in their entirety 
to full-scale design, you make no mention of full-scale 
tests carried out abroad, nor of the work of Dendy Marshall 
on this subject. 

If “streamlining ’’ has good publicity value, surely 
this aspect of the matter cannot be disregarded by 
designers of public service vehicles. 

Your mention of ‘sundry locomotives and trains 
the alleged streamlining of which consists very largely 
of gracefully flowing lines painted on their sides, or of 
similar futile embellishments,” smacks of exaggeration. 
Furthermore, the decrying of “‘ streamlining ” by certain 
engineers may not necessarily be from technical convic- 
tion, but may be due to inertia and unwillingness unduly 
to disturb standard designs. 

In reading your reference to the possibility of hot 
axle-boxes under ‘“‘ streamlined ’’ vehicles, an amusing 
scene came to mind. During a recent visit of a party 
of British railway engineers to Germany several of them 
went for a run on a train hauled by a Diesel locomotive. 
At the end of the trip most of them walked forward, 
bent down solemnly, and laid their hands on the casings 
of the roller bearing axle-boxes. G. A. ARNOLD. 
Nottingham, December 6th. 








The Japanese Steel Industry. 


Ear.Ly this year the new Japanese Government inti- 
mated its intention of promoting the development of the 
iron and steel industry as quickly as possible, so .as to 
render the country independent of the imports of such 
products. In October the Minister of Industry, addressing 
a conference of officials and representatives of the steel 
industry, announced that the Government wnder present 





importance was the smooth working of the train 





the country’s own requirements, but that it was necessary 
to export iron and steel products, similarly to the exports 
of textile goods in the markets of the world. 

This would mean a development of the present export 
trade, which is mostly restricted to Asiatic countries 
in the form of bars in China and wire products in that 
country, in British India, and other parts of the Far 
East. But as far as concerns an expansion throughout 
the world on the level of Japanese textile goods, it may 
at once be asserted that such an idea, even if eventually 
realised, represents a scheme which lies in the remote 
future. In the first place it will be necessary to increase 
the production so as to be able fully to meet the home 
demand, which the country is far from doing at the 
present time, although it is thought possible that it 
may be able to attain to this position by 1941 or 1942. 

The principal obstacle in the way of becoming self- 
sufficient is the scarcity of raw materials. The iron ore 
deposits existing in Japan are of inferior quality, and 
the leading steel combination—the Nippon Iron Manu- 
facturing Company, which is a semi-State concern and 
produces 95 per cent. of the total output of pig iron—only 
works up 1,000,000 tons of native iron ores per annum 
out of its total consumption of 4-3 million tons. The 
difference is obtained from North China, the Malay 
States, the Philippines, and Australia. It is, however, 
hoped in the most favourable case to raise the Japanese 
production of iron ore to 3,000,000 tons, but pig iron 
makers do not seem to care for this low percentage ore. 
In the meantime, it is intended to deal with the iron 
and steel problem in conjunction with Korea and Man- 
chukuo, and a staff of Government engineers is now 
investigating the problem of ore and coal in these countries. 

Pending any developments in these directions it is 
known that a great scarcity of pig iron has existed in 
the present year, partly in connection with armaments 
and the great activity in the shipyards which are said to 
be full of orders until 1938. The production of the Nippon 
Iron Company in the first half of 1936 amounted to 
1,032,000 metric tons of pig iron, as compared with 
988,000 tons in the same period in 1935, and that of steel 
to 1,304,000 tons and 1,207,000 tons in the two periods 
respectively. On the other hand, the imports of pig iron 
declined from 504,000 tons in the first half of 1935 to 
457,000 tons in the second half, and further to 352,000 
tons in the first half of 1936. The corresponding figures 
for scrap were 1,020,000 tons, 671,000 tons, and 484,000 
tons in the same periods respectively. 

During the first three months in 1936, according to 
the Nippon Iron Company, 384,000 tons of pig iron were 
required to fill orders, and only 344,000 tons were offered. 
In the second quarter 388,000 tons were needed and only 
336,000 tons were available; in the third quarter the 
orders were for 415,000 tons and only 337,000 tons were 
offered. For the last quarter 450,000 tons are required, 
of which the Nippon Iron Company itself is to supply 
245,000 tons and the Co-operative Pig Iron Sales Company 
(a combination of the private makers of pig iron) 85,000 
tons, making 330,000 tons available. Owing to the shortage 
it has become necessary to purchase 70,000 tons from 
Soviet Russia, while the contract between the Nippon 
Iron Company and British Indian exporters, which 
represents 120,000 tons per annum, is now being sought 
to be doubled to 240,000 tons for 1937. 

To increase the pig iron output in Japan a large scheme 
of development of the capacity of the Nippon Iron 
Company was proposed, with the object of eventually 
raising the production of pig iron to 54 million tons 
and that of steel to 5 million tons by the year 1941. But 
this scheme has apparently now been abandoned with 
the approval of the Japanese Government of an agree- 
ment between the Nippon Iron Company and the Showa 
(Japanese) Steel Manufacturing Company of Manchukuo, 
which is a subsidiary of the South Manchukuan Railway 
Company. The second expansion of the Showa Company 
is being completed this month, when the capacity will 
be increased to 670,000 tons of pig iron and to 500,000 
tons of steel. The third expansion, which is to be com- 
pleted in 1937-38, will raise the pig iron capacity to 
1,000,000 tons, which will afterwards be further advanced 
to 1-5 million tons of pig iron and to 1-1 million tons of 
steel. It is then from this works that the Nippon Iron 
Company will receive additional supplies of pig ron under 
the agreement in question. 

According to information from Tokio in the middle of 
November, a new draft law has been prepared by the 
Ministry of Industry to replace the existing iron and steel 
encouragement law. In addition the Government proposes 
to restrict the imports of scrap in order to compel the 
works to use a larger quantity of Japanese ore than 
hitherto, and thus reduce the imports of ore and scrap. 
The new draft law proposes that the establishment of 
new works shall only be permitted which are equipped 
with at least two blast-furnaces with an annual capacity 
of 100,000 tons of pig iron and which undertake to consume 
only ores of native origin. 

It should be mentioned that about six months ago 
the iron and steel-finishing industries placed before the 
Ministry for Economic Affairs a resolution suggesting 
the establishment of a monopoly of the importation 
of iron and steel, as it was considered probable that the 
import trade would assume great importance in the next 
few years until the country should become indepéndent 
of foreign products. In other words, the imports should 
be placed under the control of one single organisation 
so as to ensure economies in purchases, in a manner 
which has been followed for years past in the case of 
artificial fertilisers. Apparently no effect has been given 
to this suggestion down to the present time. 

The finishing works, numbering about 300, formed 
themselves in November into a syndicate for the purpose 
of urging the Government to reduce the import duty 
on pig iron, and to examine measures for promoting the 
export trade in machine tools and other tools. 








WE regret to note the death of Mr. Robert P. Keyworth, 
who was in the service of Thos. W. Ward, Ltd., for over 
thirty-seven years. He was well known in engineering 
circles as the firm’s representative in the Midlands area, 





conditions considered that it was not suffiglent to ensure 
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Peak-Load Equipment for Oslo. 


MVHE electricity supply of the City of Oslo is provided by 

_ several independent sources, and through a number of 
separate transmission lines. Nevertheless, an interruption 
in the supply is liable to occur during severe storms, 
and in winter the hydro-electric supply may prove 
inadequate owing to shortage of water caused by ice. 
Consequently, the Electricity Supply Company has had 
for many years a standby steam plant situated in the 
centre of the city. This plant was extended in 1914, 
when two 6000 kW units were installed. Since then, 
the demand has steadily increased and, at present, the 
maximum peak load on the system reaches approximately 
100,000 kW. ‘This growth in the demand made it necessary 
to increase the capacity of the standby steam plant, 
and last year a generating unit of 31,500 kW, together 

















units on the test bed, while the general arrangement of 
the plant is shown below. It will be noted that the 
two boiler units are placed immediately adjacent to the 
steam turbine and under the control and supervision of 
one operator. The total floor space of the electric genera- 
tion equipment, including the switchgear and the trans- 
formers, is only 65ft. by 80ft., while the boiler equipment 
and turbo-generator occupy a space of only 65ft. by 53ft. 
Notwithstanding the small overall dimensions of the 
plant, the units are in no way cramped, and full access 
is given to all parts. 

The turbine is of special construction, designed primarily 
for standby service where small overall dimensions and 
low cost are of greater importance than high efficiency : 





The main technical data of each of the two units are 
as follows : 


Heating surfaces : 


Generator, sq. ft. ... 1,675 

Superheater, sq. ft. 1,170 

Economiser, sq. ft. y te 4,300 
Volume of combustion chamber, cu. ft. 505 
Rate of heat absorption : 

Generator, B.Th.U. per sq. ft. per hour 98,000 

Superheater, B.Th.U. per sq. ft. per hour... 34,500 

Economiser, B.Th.U. per sq. ft. per hour . 6,200 
Rate of heat release, B.Th.U. <n cu. ft. per 

hour 460,000 


Boiler ‘thelsiiaay hats on the net calorific 
value, per cent. oh IES Re Ee 92-5 
The general design of the Velox boiler is now fairly 

well known, and it will not be necessary, therefore, to 

go into any detailed description of its method of operation 
and the details of construction. In view of the fact, 
however, that the design described differs slightly from 

































































furthermore, as befits emergency equipment, rapid | the original, in that the superheater coils are incorporated 
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GENERAL ARRANGEMENT OF PEAK-LOAD PLANT AT OSLO 


with 
Brown, Boveri and Co., 
plant comprises : 


two Velox steam generators, was ordered from 
Ltd., of Baden, Switzerland. The 


Steam turbine : 


Type Single - cylinder _impulse- 
reaction, with double- 
flow L.P. section 

Output, M.C.R. 31,500 kW 

Speed ... 3,000 r.p.m. 


Steam pressure ... 
Steam temperature 


345 Ib. per sq. in. gauge 
750 deg. Fah. 


Alternator : 
Output, M.C.R.. 35,000 kVA 
Speed . ane 3,000 r.p.m. 
V oltage 6,600 
Condensing plant : 
Vacuum (Bar. 30in.) ... 29-25in. Hg. 


21,000 sq. ft. 

41 deg. Fah. 

Motor-driven, two, each 
designed for 60 per cent. 
of full requirements 

Motor-driven, two, each 
designed for full capacity 

Single stage 


Cooling surface ... 
Cooling water temperature 
Circulating pumps 


Extraction pumps 


Feed heating 
Steam generators : 
Velox 
Two units. each designed 

for 167,000 lb. per hour 
385 Ib. per sq: in. 

800 deg. Fah. 
140 deg. Fah. 
Oil 


bg - 


Capacity MCR. 


Working pressure 

Steam temperature ... - 
Feed water Pini pick 
Fuel 





The engraving reproduced opposite shows the two Velox 


\ 








THE ENGINEER | 


35,000-KVA PEAK-LOAD TURBINE FOR OSLO 


starting is arranged for. These requirements and also 
other considerations have led to the adoption of design 
illustrated below. The rotor is of the Brown Boveri 
patented construction, consisting of individual sections 
spigoted and welded together at the periphery. The 
advantage of this design is the avoidance of large forgings, 
all the forgings used being of a size which can be both easily 
forged and fully inspected, so that slag inclusions or other 
defects are unlikely to be present. Furthermore, it 
is claimed that the favourable distribution of the metal in 
the finished drum, together with the absence of large 
masses, eliminates the high differential heat stresses 
which would be exceptionally undesirable in a unit which 
may be brought rapidly into service. The three views 
reproduced below show the three stages in the manu- 
facture of such a welded drum, the particular rotor illus- 
trated being not that for the Oslo unit, but for a machine 
of 20,000 kW. At the top the individual components 
which go to make up the complete drum are shown, while 
below a view of the rotor after welding and machining, 
but prior to annealing, is given, and at the bottom a 
view of the finished drum after annealing and finished 
machining. We are told with regard to this special 
construction that the stresses to which the welds are 
subjected are practically negligible, and do not amount 
to more than approximately 0-5 tons per square inch. 

The alternator calls for no special comment beyond 
the fact that the housing is, of course, fabricated, and a 
new form of insulation is used for the rotor coils. The 
insulation used does not, it is claimed, deteriorate with 
age to any appreciable extent, while it is impervious to 
moisture, and its relatively high thermal conductivity 
reduces the differential expansion between the copper 
and iron. 






































in the evaporator elements and do not form, therefore, a 
separate component, we reproduce on page 629 a cross 
section through the combustion chamber with evaporator 
and superheater elements, together with steam separator 
and circulator pump. 

One of the boilers was steamed in the works before 
shipment, and full performance tests were carried out 
on this unit. Owing to the fact that the economisers 
were manufactured locally and were, therefore, not 
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TURBINE DRUM 


available for the shop tests, it was not possible to generate 
the 
tion of 147,000lb. per hour was reached 


ecified steam quantity. Nevertheless, an evapora- 
with an oil 
fuel consumption of 6-05 metric tons per hour, the normal 
full-load fuel consumption being 5-88 metric tons per 
hour. This oil quantity is handled by a single burner 
operating over the whole working range, and, during the 
tests, using a medium-grade bunker oil preheated to 
approximately 200 deg. Fah., the exhaust was quite 
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clear, and there was no carbon deposit in the boiler, even 
though a low excess of air was used. Furthermore, the 
tests again demonstrated that the Velox boiler can be 
raised {from cold up to full output in five to six minutes, 
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which means that such a generating plant can be brought 
into service well within thirty minutes from standby 
conditions. 








Ir is reported that the Greek Government has signed 
a contract with an American concern for the develop- 
ment of the water power resources of the rivers Acheloos 
and Aliakmonos. Electric power stations are to be built 


The Jointing and Terminating of 
High-Voltage Cables. - 


A PRACTICAL paper of no small value to mains engineers, 
but much too long to be published in its entirety, was 
read on Wednesday, December 9th, by Mr. W. Holttum, 
of British Insulated Cables, Ltd., before the Institution 
of Electrical Engineers. Entitled ‘“* The Jointing and 
Terminating of High-Voltage Cables,’’ it is mainly con- 
cerned with general principles and contains descriptions 
of some methods of construction, including those which 
the author considers to be most advantageous. The 
conductor joint, the insulation, stress control, the joint 
sleeve, the filling compound, and armour clamps, are some 
of the items covered. There are also notes on particular 
types of joints and terminations, and on moisture efiects 
and testing. Joints and terminations, the author states, 
can now be made with an electric strength equivalent to 
that of the cable. If the combined cable and joint is 
stressed to failure, the stressing and previous history 
will probably decide which is the first to break down. 

One of the large municipal supply undertakings in this 
country which had 35 miles of 33-kV, three-core cable 
in 1924, increasing to about 140 miles in 1935, had twenty- 
three joint failures during that period. Of these seventeen 
occurred with belted cable, although the quantity of this 
type of cable was much less than half the total quantity 
in use. While belted cable is now obsolete for this voltage, 
it need not be concluded that it was responsible for the 
large proportion of joint failures. Being the oldest it 
probably had the least efficient design of joint as well 
as the longest period of operation. Of the remaining six 
failures, three on screened three-core cable, and three on 
S.L. cable, the cause was attributed to migration of 
compound in three cases, and to defective jointing, leaky 
joint sleeve, and ground subsidence in the remainder. 

With modern 33-kV, three-core screened cable and 
joints, the earlier records should be greatly improved 
upon, and in fact failures due to inherent causes have 
been virtually eliminated. The technique of the jointing 
of high-voltage cables is a combination of essential 
features, and of precautions dictated rather by common- 
sense application of principles than by actual proof of 
their necessity. These principles have perhaps a more 
important place in cable jointing than in most engineering 
work, owing to the large part played by the human factor. 
The familiar form of construction, consisting of a conductor 
joint usually surrounded by some form of solid insulation 
and enclosed in a compound-filled metal sleeve, forms the 
basis of all designs, and the problem of jointing consists 
in maintaining at the joint the essential characteristics 
of the cable in the most economical manner possible. 
The characteristics are conductivity, insulation resistance, 
and electric strength. 

While a construction providing uniformity with the 
cable might appear to be the ideal, and an approximation 
to it may be possible by the use of a married joint and the 
rebuilding of the cable insulation by hand-wrapped paper 
tape, it is impracticable by reason of the skill and time 
involved. 

The insulation resistance offers no difficulty and 
could be obtained by the use of one or more of many 
materials, in conjunction with a sealed container or 
sleeve which would permanently exclude moisture. The 
electric strength is the main problem, and the required 


path to earth and introducing laminated solid insulation 
which, while necessarily inferior in quality to the factory- 
applied cable insulation, suffices by reason of its greater 
thickness. For the higher voltages, provision must also 
be made for the suitable distribution of electric stress. 
The complete joint is provided with some form of external 
protection. 

The jointing of high-voltage cables involves some 
physical strain on the jointer due to the length of time 
from six to twenty-four hours, broken only by meal times 
required. It is not advisable for one jointer to relieve 
another as the division of work would reduce the jointer’s 
sense of responsibility. It is therefore important to 
keep the labour of jointing to a minimum, to prevent poor 
work which might be caused by fatigue. 

Generally accepted voltage limits for cables of the 
ordinary solid type are 33 kV for three-core and 66 kV for 
single-core. The former came into use in 1920 and the 
latter in 1925. The cores of 33-kV three-core cables are 
now always individually screened with copper tape or 
metallised paper, and 33-kV and 66-kV single-core cable 
is similarly provided with a screen over the core to short- 
circuit any space between the cores and the sheath. The 
kinds of joints and terminations required for ordinary and 
special circumstances are described. 

While there are similarities in the electrical operation 
of a joint and the cable to which it is connected, and in 
regard to the conditions of the insulation which may lead 
to failure, there are considerable differences in the pre- 
disposing causes, owing to the dissimilar construction and 
dimensions. Some analysis of these are given, but no 
attempt is made to analyse the mechanism of the break- 
down of materials, which is fully and more appropriately 
dealt with in the literature of cable technique. 

The determination of the cause of failure of a joint or 
terminal is frequently difficult through the destruction of 
evidence by the breakdown, and the subsequent penetra- 
tion of moisture, though this is true to a less extent than 
with cable failures. Assyming a sound cable, the causes 
of a joint or terminal failure, which are rarely due to 
mechanical damage, but rather to defective design, 
materials, or construction on site, are as follows :— 

Cramped dimensions, defective protection from mois- 
ture, improper stress distribution; inferior insulating 
materials (including compound), defective sleeve parts 
(admitting moisture); sharp projections on or near live 
parts, use of damp insulating materials, badly applied 
taping (occluding air), defective plumbing or other cause 
of admitting moisture. Subsidence (causing breakage of 
conductor joint or adjacent cable sheath), drainage of 
compound into cable, collapse of lead sleeve (due to 
drainage and vacuum), development of partial vacuum 
(causing reduced electric strength). 

Some general principles of the examination of failures 
are :— 

When a joint sleeve is found broken, wetness of the 
outer layers of insulation combined with dryness of the 
inner implies entrance of moisture since breakdown. A 
less degree of contrast between the outer and inner layers 
will indicate that the moisture was present before failure. 
In this case evenness of distribution combined with 
examination for any point of entry may again provide 
some clue as to whether the moisture has been left in 
initially or has entered during service. The jointing record 
should also be referred to. Breakdown between cores at 
the fork is probably due to rough handling during joint- 
ing, except in the case of expansion joints. 

A procedure of examination may be outlined, as follows : 








at the expense of the contractors, who will utilise the 
power in works they are to establish. 





value is usually achieved by increasing the length of 


First, observe the site conditions in regard to moisture 
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and possibility of subsidence. Before disturbing the joint, 
collect any evidence as to compound level before break- 
down. If the sleeve is broken, observe the quantity of 
compound about, the state of the insulation, and look for 
a “ high water mark ” in the sleeve. At the first oppor- 
tunity trace the breakdown path. This may not be found 
until the joint is dissected, and in some cases—especially 
if the path is through compound only—it may be un- 
traceable. Next, cut off each cable about lft. from each 
wipe, and remove the joint to a convenient place for 
examination. Then drain off the compound, heating the 
sleeve with blow lamps. In doing this, observe the source 
of any water. Now examine the assembly in comparison 
with the drawing. 

In case of moisture examine the wipes for visible signs 
of porosity, and also examine the sleeve for possible points 
of entry of water. The tightness of bolts and plugs should 
be checked by tightening. Next, dismantle the cores, 
examining the workmanship and testing for moisture. 
lf they will not draw out of the cable sheath, cut off the 
cables adjacent to the wipes. The stress cones (if any) 
should first be undone. and then the hand-wrapped insula- 
tion. Observe the distribution of moisture, correlating 
it with the breakdown path and the features of the sleeve. 
Note any parts denuded of compound. 

Finally, examine the conductor joints, especially for 
projections. If there is freedom from moisture, combined 
with good workmanship and sufficiency of compound 
and the breakdown is associated with dry places in the 
insulation (é.e., not properly impregnated), the implica- 
tion is that the design is at fault. 

A design may, after some years of use, prove inadequate, 
though with modern methods of testing this is very un- 
likely. Any resulting failure will probably show dendritic 
burning without moisture, and examination of the work- 
manship should reveal whether this or the design is at 
fault. In the case of a design which can be considered 
to have been proved by experience, an otherwise inexplic- 
able failure may be regarded as probably due to the 
development of partial vacuum, a condition which it 
is practically impossible to guard against, but which 
only matters at the highest voltages. This condition 
is distinct from the collapse of a weak sleeve under 
vacuum, causing failure through reduced clearances and 
loss of compound. 








Ship Repairing at Hebburn. 





In a Journal note of April 12th, 1935, we recorded 
the purchase of Palmers Hebburn Company, Ltd., 
formerly one of the more modern subsidiaries of Palmers 
Shipbuilding and [ron Company, Ltd., by Vickers- 
Armstrongs, Ltd. When Palmers ceased shipbuilding and 
their shipyard premises became subject to the rationalisa- 
tion scheme of the industry, the Hebburn yard included a 
modern dry dock of large capacity, which was reasonably 
well employed with workshops and buildings occupying 
a floor area of close upon 400,000 square feet. 

The problem of management was to find means of 





are designed to reach the rail of the third tier of smaller 
size vessels alongside or two tiers of large vessels. These 
new cranes augment the 80-ton sheerlegs and the new 
jetty enables repairs, refits, and conversion jobs to be 
carried out alongside. It is also well equipped with com- 
pressed air mains, temporary lighting cables, electric 
welding positions, fresh and salt water mains. 

For the alternative businesses referred to above, the 
undernoted improvements and additions have since been 
effected :—They include the rearrangement, where desir- 
able, of existing machine tools and acquisition of addi- 
tional machines and plant to accelerate the output of 
structural steelwork, and the installation of hot galvanis- 
ing plant to deal with all known requirements of the ship- 
building, engineering, and allied steel trades, up to work 
of the largest. dimensions and weight, with ample stacking 
grounds. 

In the aerial photographs recently taken (reproduced 
herewith), the 12,074-ton Anglo-American tanker 
“Saranac” is shown in the dock, and the new jetty is 
shown occupied by the whale oil carrier ‘* Strombus,” 
which is being converted into a whale oil factory. Outside 
her lies the new Blue Star liner “ Australia Star,” which 
has on her outboard side “‘ African Prince.” At the east 
or dockhead jetty ‘ Kaolack,’’ ‘“ Tacoma Star,” and 
“ Waziristan ” are in hand for repairs, whilst the 150-ton 
Titan crane lying at the dock gate has been engaged for 
installing the new jib of the 20-ton dockside crane. The 
photograph indicates the size of the premises and the 
1300ft. frontage which is available for six or seven large 
ships repairing afloat simultaneously, in addition to the 
large dock. 

The amount of machinery now available enables 
repair and replacement work to be carried out very quickly. 
The various shops engaged in ship repair work include 
fitters, plumbers, blacksmiths, joiners, and paint shops, 
apart from platers’ sheds, all fully equipped with latest 
machines, hand tools and appliances, while motor generator 
sets capable of handling simultaneously a great number 
of electric welding sets have recently been installed in 
the power station. 

The facilities for ship repairing are excellent, and 
numbers of oil tankers and cargo vessels are now regular 
visitors for their periodic overhauls. The dock, we may 
recall, is the largest dry dock between Rosyth and London, 
being 700ft. in length, 90ft. width of entrance, and has 
29ft. of water over sill H.W.O.8.T. 

The repairing department has in the past engaged in a 
variety of interesting jobs, apart from routine docking, 
survey and damage repairs, which are its daily lot. The 
unusual operation of renewing the whole of the centre 
300ft. of oil tanks in the tankers “‘ Cadillac ” and ‘‘ Saranac” 
was carried out by the building and launching of the new 
centre portions whilst the vessels continued trading. 
The vessels were subsequently cut into three pieces, and 
the new middle portions fitted—the operations only 
entailing laying the vessels off trading for nine weeks. 
It so happens that * Saranac,” in hand for one of her 
periodic refits, is shown in dock in the accompanying 
photograph. Maier-form bows and other structural 
work, conversion of the whale oil factory ‘* Hektoria,” 
and similar work frequently occupies the works. As 




















AERIAL VIEW OF SHIP REPAIRING DOCK AND WORKSHOPS AT HEBBURN 


employing in a revenue-producing manner as much as 
possible of the 42-acre site by a business other than that 
of shipbuilding repairs. To some extent, and in the short 
time of just under twelve months, this has been accom+ 
plished by the installation of a galvanising plant and by 
undertaking structural steel work. 

At the beginning it was realiséd that alterations and 
additions would be required to put the ship-repairing 
facilities into first-class order and to match the size of the 
dock. These alterations have now been completed, and 
consisted chiefly of the addition of the following items :— 
A dockside electric travelling crane, lifting 20 tons, has 
been installed at the centre line of the dock, to augment 
the two existing 10-ton cranes, and to enable heavy 
machinery parts, rudders, and stern frames of large size 
to be handled. The electrification of the dock pumps to 
secure economy and reduce the time of pumping the dock 
dry. New fitting shop machinery to replace and augment 
older machines and to assist in Diesel repairs; and oil 
fuel storage arrangements. Also the building of a new west 
jetty by extending the original jetty to a length of 660ft., 
and the installation of two 10-ton electric cranes, which 
travel along the jetty and have an outreach of 120ft. and 





above mentioned, at the time the photograph was taken, 
“* Strombus,”” a whale oil carrier, was alongside for con- 
version into a whale oil factory, a task which, apart from 
installing whale oil machinery, entailed the building of a 
stern slipway and a flensing deck to house the whale 
aboard for cutting up. 

In steel constructional work there are on hand at present 
a number of steel-framed buildings for factory extensions, 
cinemas, hotels, and the like, eight large oil fuel storage 
tanks for the Thames (eighty of which have been con- 
structed at Hebburn in recent years), and some up to 
10,000 tons capacity fabricated, shipped and erected in 
Africa; small footbridges, steel shuttering for concrete 
work, roof trusses, and a variety of constructional work, 
such as crane jibs, still tanks, mine-head gear, &c. &c. 
This wide variety will indicate generally the type of work 
carried out. The designing staff deals with every type of 
steel-framed structure from aeroplane hangars to small 
work, and some 15,000 tons of transmission line towers for 
the various electrification schemes have been made in 
these works. The boiler shop is at present engaged on 
heavy girder work, and the sheet iron shops are employed 
in all manner of light sheet work, including ship’s venti- 





lator cowls and trunking, lockers, furniture, storage bins, 
built-up welded piping, and ducts. 

The galvanising plant, which started production in 
April last, is capable of handling over 200 tons of steel per 
week for use in Admiralty shipbuilding, constructional 
work, and for a variety of miscellaneous purposes where 
the hot dipping process is considered essential and its 
lasting qualities well tried. The pickling and galvanising 
baths cover a range up-to the largest sizes, and have been 
busily engaged since the plant commenced to operate. 
The ironfoundry was reconditioned last year, and is in 
active production for the Elswick Works of Vickers 
Armstrongs, Ltd., by which firm it is separately managed. 








VACUUM SLUDGE FILTER PLANTS IN 
CANADA. 


THERE are only three sewage treatment plants 
in Canada where vacuum filtration of sewage sludge is 
practised. These are York Township, Long Branch, and 
London, all in Ontario. From a description of these plants 
given at the recent Annual Convention of the Canadian 
Institute on Sewage and Sanitation, it is noteworthy that 
the filters installed at the three plants are of different 
manufacture, and also that in each case vacuum filtration 
has been adopted to replace, or at least to augment, 
sludge disposal methods previously employed. 

In the case of the York Township and Long Branch 
plants, vacuum filtration has proved successful not only 
from the standpoint of producing a sludge cake that is 
readily disposed of to farmers and gardeners in the vicinity 
as fertiliser and soil conditioner, at a cost which is reason- 
able, but also by the dewatering and disposing of the sludge 
at these plants regularly, operation as a whole has been 
improved with higher removal of suspended solids and 
abatement of odour nuisances. 

York Township was the first municipality in Canada to 
adopt vacuum filtration as a means for dewatering sewage 
sludge, and, in fact, can claim to be among the pioneers 
elsewhere. This plant was constructed in 1925 and at 
present treats an average sewage flow of 2} million gallons 
per day from a population of approximately 65,000 persons. 
As at present operated, the plant consists of grit channel, 
coarse bar screens, aeration tanks, and settling tanks. 
Owing to the low water consumption in York Township 
(about 35 gallons per capita per day), the sewage is high 
in suspended solids, the average being 500 p.p.m. The 
filters in this plant, which are of the rotary string dis- 
charge type, were designed with the intention of using 
sulphuric acid and lime to condition the sludge. The cost 
of this treatment proved prohibitive, and was replaced by 
macerated paper and lime, which, in turn, was discarded 
in favour of ferric chloride. 

The village of Long Branch was faced with a sludge dis- 
posal and odour nuisance problem somewhat similar to 
that experienced in York Township. The treatment plant 
was designed some twelve years ago to treat a sewage 
flow of 500,000 gallons per day by the activated sludge 
process. The close proximity of the plant to surrounding 
dwellings made it the centre of numerous complaints, as 
there were no means of disposing of the sludge, except on 
open-air drying beds. Finally, in the fall of 1934. 
the provincial Department of Health issued a mandatory 
order for abatement of the nuisance. After giving the 
problem a great deal of study, it was decided that mecha- 
nical dewatering of the waste activated sludge and dis- 
posal of the dewatered cake daily for fertilisers offered the 
most economical solution of the problem. It was realised 
that the installation of a vacuum filter, involving as it 
must the application and control of chemicals for con- 
ditioning the sludge, in a small plant was somewhat 
hazardous, owing to the lack of constant high-class super- 
vision, but, nevertheless, it appeared to be the only 
solution of the problem without resorting to prohibitive 
capital expenditure. 

In July of last year an Oliver rotary vacuum filter was 
installed, and except for one or two unfortunate instances, 
in which both the filter and the treatment plant were 
victims of neglect, causes for complaint of odour have 
been greatly lessened. The filter consists of a drum, 3ft. 
diameter and 6ft. long, having a filtering area of 56 square 
feet. The unit, which is very compact, containing as it 
does the filter with all auxiliary equipment, sludge-mixing 
chamber, and bucket elevator in one structural assembly, 
is of such overall dimensions as to allow it to be placed 
in the existing compressor building without any altera- 
tions or additions to the latter worth mentioning. The 
auxiliary units, assembled with the filter proper, consist 
of vacuum receiver, vacuum pump, filtrate pump, and air 
compressor. The filter and all auxiliaries are driven from 
one 74 H.P. motor, which is suspended beneath the filter 
tank platform. Through the medium of a Reeves drive, 
the of rotation of the filter drum can be adjusted 
between } and 1 r.p.m. In addition to the filter unit, a 
motor-driven single-acting diaphragm sludge pump, 
having an adjustable capacity of from 12} to 35 gallons 
per minute, is installed. A lead-lined chemical solution 
tank and solution feed controller were supplied with the 
filter. 








Tue testing station of the Fire Offices’ Committee at 
Boreham Wood, Elstree, Herts., which was opened last 
year, is now in operation and manufacturers of building 
and similar materials can now have their products, when 
assembled as elements of building structure, subjected to 
tests for fire resistance, including tests prescribed in the 
British Standard Specification No. 476—1932. The 
elements of structure which may be tested include load- 
bearing walls and partitions, non-load bearing walls and 
partitions, columns and piers, beams, floors and roofs, 
ceilings, doors and shutters, glazing. Where it is desired 
to obtain a certificate of the Department of Scientific and 
Industrial Research, given through the Director of Build- 
ing Research, the tests will be carried out by officers 
of the Building Research Station, who will hold them- 
selves available for preliminary consultation in connection 
with such tests ; for example, as to the appropriate grade 
under which a particular element of structure should 
be tested. 
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Rail and Road. 





On the Southern Railway a number of the steam trains 
on the Weybridge—Virginia Water line have now been 
superseded by electric trains. 


Two new halts are to be constructed on the Great 
Western Railway, one at Dilton Marsh on the Salisbury 
line, and the other at Elson, between Ellesmere and 
Overton-on-Dee, 


THE steel erection on what will be the largest double- 
leaf bascule bridge yet built has been completed over the 
Chicago River at Chicago. The bascule is 264ft. long 
between trunnion bearings and 108ft. wide. 


NEw railways, having a total length of 2500 kiloms., 
and costing some 200 million yen, are to be built by the 
South Manchuria Railway Company in Northern Man- 
churia. It is planned to build 500 kiloms. a year, and 
complete the work in five years. 


A NUMBER of high-speed oil-engine-driven motor trains 
are now in service on the Italian Railways. Among 
these new services are thosé between Milan and Venice 
which travel 166 miles each way non-stop in 2 h, 40 min., 
from Trieste to Venice and Bo and back, travelling 
197 miles in a running time of under 3h. Other services 
mhentioned in the Railway Gazette are between Venice 
and Bologna, 994 miles in 106 min.; Bolzano to Bologna 
vid Trento, Rovereto and Verona, 162 miles in just under 
3h. 


THE report of the United States Bureau of Public Roads 
states that up to October 31st last level crossing projects, 
estimated to cost 27,157,215 dollars, had been com- 
pleted, while projects to the value of 118,915,136 dollars 
were under construction, and others to the value of 
24,185,076 dollars had been approved for construction. 
The projects completed included 510 gradient crossings 
eliminated by separation or re-location, 64 gradient cross- 
ing structures reconstructed, and 52 gradient crossings 
protected by signals or otherwise. The projects under 
construction included 1032 elimination projects. 


THE London and North-Eastern Railway Company 
announces that’ the following appointments have been 
made :—Mr. R. J. M. Inglis, assistant engineer, southern 
area, to be engineer, southern area, in succession to Mr. 
C. J. Brown, who will be retiring under the age limit on 
January 27th next. Mr. F. E. Harrison, assistant engi- 
neer, north-eastern area, to be engineer, north-eastern 
area, in succession to Mr. J. Miller, who will be retiri 
under the age limit on February 27th next. Mr. J. T. 
Thompson, district engineer, Darlington, to be assistant 
engineer, north-eastern area, in succession to Mr. Harrison. 
Mr. G. Sutcliffe, district superintendent, Lincoln, to be 
district superintendent, Cambridge, in succession to Mr. 
H. F. Sanderson, who has recently been appointed district 
goods manager, Newcastle. 


At a recent informal meeting of the Institution of Elec- 
trical Engineers a discussion on electric road vehicles 
was held. Using a number of tables and graphs, Mr. L. 
Murphy compared electric with petrol, horse, and man- 
propelled vehicles. He said that for local work the electric 
vehicle was supreme owing in part to the ease of access 
to the driving position, and the fact that no complicated 
actions were needed to start it. Vehicle weight could not 
be assumed constant for all speeds; a vehicle designed 
to travel at 40 m.p.h. must be considerably heavier than 
one for 15 m.p.h. The increase in weight of the motor 
alone would be about 2001lb. The net practical result 
was that something under 40 m.p.h. had to be accepted, 
so that until battery performance and cost had been greatly 
improved the petrol vehicle would hold the field in this 
sphere. 

AccoRDING to @ note in the Far Eastern Review, the 
Chinese Minister of Railways has approved a seven-year 
improvement plan involving an expenditure of 22 million 
dollars on the Peiping~Hankow Railway. It is estimated 
that 300,000 wooden sleepers will be replaced, and that 
70 sets of special crossings and 5500 tons of rails will be 
required. The Yellow River bridge near Chengchow in 
Northern Honan will be rebuilt at a cost of about 7,500,000 
dollars, and the bridges at Sinloh and Fengchun recon- 
ditioned. Repairs to other railway bridges and structural 
work will be carried out in five periods at the following 
tive sections :—(1) Hankow (Hupeh) Sinyang (Honan) ; 
(2) Sinyang—-Yencheng (Honan); (3) Yencheng to the 
southern bank of the Yellow River; (4) Shihkiachwang— 
Peiping (Hopei); and (5) the northern bank of the 
Yellow River to Shihkiachwang. In addition to the - 
chase of twenty locomotives, thé workshops at Hankow 
and Changsintien, south-west of Peiping, will be extended 
and modernised in order to meet the increasing demands 
for facilities to repair damaged engines and the manufac- 
ture of minor equipment and accessories. Up-to-date 
devices will also be utilised to ensure greater efficiency and 
safety in traffic. 


Rapp progress is being made with the improvement 
scheme on the L.M.S. Railway Company’s main West 
Coast route to Scotland at on (Lanarkshire), 
where a new viaduct is being built over the river Clyde to 
replace the existing bridge, and opportunity is being taken 
to ease the adjoining curves to permit of higher speeds. 
The work will cost about £26,500. When the new viaduct, 
containing 600 tons of steel and over 3700 tons of con- 
crete, is brought into use about the end of this year, the 
speed restriction applicable to the old bridge will be 
removed, and express trains, will no longer have to slow 
down to 40 m.p.h. When crossing the Clyde at this point. 
In addition to the large quantities of material required 
for the new viaduct, some 5000 tons of earth have been 
used in widening adjacent embankments to provide easier 
curves, while slopes have had to be cub back to allow the 
rails to be moved over to the new alignment of the curves. 
The main Carlisle-Glasgow road runs close to the railway 
at this point, and the outward swing of the new curve has 
rendered necessary the building of 150 yards of concrete 
retaining wall to support it. The old viaduct, comprising 
four spans of bow-string lattice girders, is being replaced 
by steel plate girders with a concrete-covered, steel beam 
floor, supported partly by the masonry piers of the old 
bridge, and partly by new mass concrete pier extensions. 


Miscellanea. 





THE first hydro-electric power station in Uganda has 
been opened. Power is obtained from the Amari cascade 
on the Kagera River, and is transmitted by overhead 
lines to the Mwirasandu Mine, 224 miles away. 


A CORPORATION with a capital of about five million 
pounds is to be established by the Japanese Government 
for the production of oil from coal. An ultimate annual 
output of 2 million tons of synthetic petroleum has been 
planned. 

At the annual meeting of the Imperial Smelting Cor- 
poration, Ltd., the chairman, Sir Robert Horne, said 
that during the past year a cadmium recovery plant had 
been built and was now being prepared for commercial 
production. 

WE regret to note the death of Sir Henry Hall, the 
mining engineer. ined as a mining engineer he was 
Tapa Inspector of Mines for the Swansea district in 
1873, and Chief Inspector of Mines for the Liverpool 
district the following year. In 1893 he was appointed to 
experiment for and report to the Royal Commission on 
Coal Dust Explosions in Mines. 


WueEN the Crystal Palace was first erected in Hyde 
Park for the Great Exhibition of 1851, it was approached 
by a long covered way. Subsequently, this covered way 
was acquired by the West India Dock Company and 
ré-erected on the Rum Quay at West India Dock. Ever 
since then coopers have worked under its protection pre- 
paring puncheons of rum for gatiging by H.M. Customs, 
&c. A section was destroyed during the great rum quay 
fire of 1933, but most of the original structure is still in use. 


A vam of frozen clay and gravel has been used to stop 
slides of earth into the east pit at Grand Coulee Dam, in the 
United States. The earth refused to stand on a 2 to 1 slope, 
and efforts to stop the slide by construction of a concrete 
retaining wall and by re-sloping proved ineffectual. 
According to Engineering News Record the method finally 
chosen to stop the slide was to sink brine pipes and create 
a dam of frozen earth at the base of the slide. The dam 
is a 105ft. radius arch, about 100ft.long, 40ft. deep, and 25ft. 
thick, abutting on the granite walls at the edge of the slide. 


In the United States the total number of unemployed 
workers in September, 1936, was 8,975,000, according to 
estimates of the National Industrial Conference Board. 
This compares with a maximum of 15,939,000 unemployed 
in March, 1933, and an average total of 1,132,000 unem- 
ployed in 1929. Employment in all of enterprise in 
the United States in September, 1946, was 43,747,000 
workers, an increase of 9,116,000 over the 34,631,000 
employed in March, 1933. - The number of employed 
workers in September was 3,409,000 below the average of 
47,156,000 workers employed in 1929. 


THe Official Returns rendered to the Electricity Com- 
missioners show that 2010 million units of electricity were 
generated by authorised in Great tain 
during the month of November, 1936, as compared with 
the revised figure of 1758 million units in the corresponding 
month of 1935, representing an increase of 252 million 
units, or 14-3 per cent. The number of working days in 
the month (i.e., excluding Sundays) was twenty-five, as 
against twenty-six last year. ing the first eleven 
months of 1936 up to the end of November the total 
amount of electricity generated by authorised under- 
takers was 18,040 million units, as compared with the 
revised figure of 15,638 million units for the co 
period of 1935, rapresenting an increase of 2402 million 
units, or 15-4 per cent. 

A potrery kiln, in which small domestic articles 
were made at least sixteen hundred years ago at the time 
of the Roman occupation of Britain, is now on view at 
the Science Museum. The kiln, which was crudely 
constructed of clay, is in an almost perfect state, and was 
discovered under the soil in the middle of a ploughed field 
at Woodrows Farm, Compton, Berkshire. preserva- 
tion for more than sixteen centuries of such a fragile 
object is due largely to the fact that the fap beneath 
the surface soil in which the kiln was found is solid chalk ; 
this fortunate circumstance made it possible to isolate 
the kiln from its surroundings. For removal it was 
encased in reinforced concrete, and the total weight of 
4} tons was brought to London without damage. The 
discovery of this interesting relic is largely due to the 
recent introduction of the tractor-drawn plough. Mr. 
Kenneth Chapman, the owner of the farm, noticed, when 
ploughing more deeply than was done formerly, that a 
portion of the ground had a darker ap than the 
remainder, and contained a number of pieces of broken 
pottery. He reported his discovery to the Newbury 
Museum, and a systematic investigation of the site 
established definitely the presence of the Roman kiln, 
which was subsequently uncovered. 


For the purpose of extending the fields of application 
of aluminium and its alloys, a competition has been 
inaugurated by the Bureau International des Applica- 
tions de l’Aluminium, 28 bis, Rue de Balzac, Paris (8e), 
France, with the support of the principal European 
aluminium-producing companies. The competition is 
open to inventors in all countries, and is designed to 
encourage researches into the chemical luction of 
surface coatings on aluminium and its alloys, with the 
object of evolving a process which should constitute an 
improvement on the process known under the name of 
the M.B.V. process. The competition does not cover 
processes of protection by lacquérfs, varnishes, paints, 
waxes, or similar applied coatings. Surface coatings sub- 
mitted to the competition must be obtained by chemical 
means and without the aid of electri¢ current. They must 
be applicable to both aluminium and its alloys, although it 
is not essential that identically the same process should 
be employed for both. The principal qualities required 
for the coating are in order of importance :—(a) It should 
provide a high degree of protection for the metal against 
attack by natural agents or by chemical reagents ; (5) it 
should be as transparent and colourless as possible ; 
(c) it should be capable of being coloured when required 
by an additional treatment based on the use of mineral or 
organic colouring agents; (d) it should be smooth to the 








touch and must not readily show finger marks. 





Air and Water. 





Up to the present ninety-two ships, aggregating 283,622 
tons, have been launched this year on the Clyde. 

THE new oil-electric propelled ferry boat for the Clyde 
Navigation Trustees is to be built by Ferguson Brothers 
(Port Glasgow), Ltd. 


Work has begun on the laying of the keel plates of the 
““ Queen Mary’s” sister liner No, 552, being built for the 
Cunard White Star Line. 

In succession to Sir Maurice Denny, Mr. F. KE. Rebbeck 
has been elected President of the Shipbuilding Employers’ 
Federation for the coming year. : 


WueEw a Polish air liner crashed into the side of a 
mountain during a fog on December Ist near Athens, the 
pilot was killed and five passengers injured. 


Icr formation on the fuselage is reported to have been 
the cause of a Lufthansa air liner being forced down near 
Hanover on Saturday, November 28th. The machine 
was damaged, and after landing caught fire. 


Dunne the first six months of this year air liners 
operating on scheduled services in the United States 
flew 33,523,075 miles, and carried 483,712 passengers. 
July’s passenger figures—110,690—established a new 
record. 


Ir is proposed by the Council of the Institution of Naval 
Architects to hold in London an International Meeting 
of Naval Architects shortly after mid-summer, 1938. 
There will be no Summer Meeting of the Institution in 
1937. 


In a paper before the Royal Aeronautical Society, Mr. 
A. Gouge dealt with recent progress in the design of civil 
flying boats. He visualised boats taking off at speeds of 
over 100 m.p.h., of 160,000 Ib. all-up weight. and 40 lb. 
per square foot loading. 


THE new Polish warship ‘‘ Gryf,” under construction in 
France at the Chantiers et Ateliers Augustin Normand, 
was launched on November 29th. The ship has a dis- 
placement of 2250 tons, a length of 338ft., a breadth of 
45ft., and will be oil engine propelled. 


THe second 26,000-ton battleship for the German Navy 
was launched at Kiel on Tuesday, December 8th. The 
ship was named the “ Gneisenau.’’ When being launched, 
it is reported that she left the slipway at such a speed that 
the drag chains were unable to hold her, and the ship came 
into collision with a sea wall. 


Tr is feared that the French air mail machine “ Croix 
du Sud,” which left Dakar on Monday, December 7th, to 
cross the South Atlantic to Natal, Brazil, has been lost 
at sea. The machine was a four-engined flying boat, 
carrying five persons. The last wireless report from the 
machine stated that one of the engines was giving trouble. 


During the next two years it is planned to erect more 
than twenty new radio beacons and stations to assist 
flying in Japan. Among the places at which stations are 
to be built are Sapporo, Yonago, Sendai, Aomori, and 
radio beacons are to be completed between Kagoshima 
and Naha, in the Loochoo Islands, by March, and from 
there to Taihoku, Formosa, by the end of next year. 


Tue President of the Board of Trade was recently asked 
in the House of Commons the number and gross tonnage 
of the ships ordered under Part II of the British Shipping 
(Assistance) Act. In reply, he said that proposals have 
been approved for the building of 57 new vessels of about 
207,500 tons gross, and orders have been placed for 50 
of @ gross tonnage of about 189,000; 26 vessels of 86,000 
tons gross have been completed. Two applications for 
assistance are still under consideration. 


Arter having been in the service of the Otago Harbour 
Board for over fifty years, the dredger ““ No. 222” has 
been scrapped. Built by William Simons and Co., Ltd.. 
in 1881, the dredger was 210ft. long with a beam of 4(ft. 
After completing her maiden voyage, she arrived at Port 
Chalmers in January, 1882, and almost immediately 
went into sefvice, mainly in Otago Harbour. In 1889 
for about a year she was engaged in dredging operations 
on the Yarra River. She was chartered by the Wellington 
Harbour Board in 1892. In 1918 she was engaged in 
extensive dredging operations in Oamaru Harbour. 
The dredger was last used in May and June, 1931, when 
she drédged the rock broken by a heavy blast in the 
channel between Goat and Quarantine Islands. . 


On Tuesday, December 8th, Dr. Brysson Cunningham, 
M. Inst. C.E., gave an interesting lecture before the 
Institute of Transport on “ Maritime Passenger Stations,” 
in which he reviewed modern developments in maritime 

station design, and illustrated the recent 
rere of such structures in Europe and America. 
In concluding his lecture he summarised certain general 
principles which he said should be taken into consideration 
in future installations, particularly for overseas traffic. 
Wherever practicable, it was desirable to separate 
passenger traffic from goods traffic. The atmosphere 
and environment of a cargo shed were not in keeping 
with the standard of comfort and convenience to which 
travellers were accustomed on board ship, or in journeying 
by tail or car. Where a quay had of necessity to be used 
for both classes of traffic, it was advisable to provide a 
double-storey structure, the upper floor of which could 
be assigned to passenger traffic. Passengers should 
enter the upper portion of the building by means of high- 
level gangways, so as not to be compelled to traverse 
@rane and wagon rail tracks, nor to pick their way across 
> moorings and between lines of rolling stock. The 
railway platforms for passenger traffic at the rear of the 
berth should be accessible by stairways direct from the 
upper. floor. In seaports of importance, the standard 
of esthetic treatment for the interior of passenger stations 
should be at least equal to that of metropolitan railway 
terminals, with proper Customs and porterage facilities. 
First impressions were of great importance. It could 
not be too strongly emphasised that the psychological 
effect on a traveller of his reception in a new country was 
bound to influence his judgment on the country and its 
inhabitants and might act as a deterrent or as an incentive 





to further visits. 
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THE CALEDONIAN POWER SCHEME. 


Lasr March there was rejected by Parliament 
on the motion for a second reading, and therefore 
without detailed discussion, a private Bill to 
authorise the construction of a hydro-electric power 
scheme in the Western Highlands of Scotland. 
That Bill, which proposed to incorporate the 
‘‘ Caledonian Power Company,” was promoted by 
the British Oxygen Company, Ltd. The power 
generated, some 50,000 H.P. continuously, was 
intended to be used for the manufacture of calcium 
carbide and other industrial chemicals derived 
from it. No one challenged the national 
importance, particularly in time of war, of manu- 
facturing these products in this country. At 
present, some 55,000 tons are imported annually, 
principally from the Continent. Objection centred 
around other matters, which, as we pointed out 
in a leading article soon after the Bill had been 
rejected, could more properly have been discussed 
in the Committee stage, and, if necessary, have 
been there amended. But the most disturbing 
feature of the debate. was not so much that so many 
objections should have been found, as that the 
Socialist vote went so solidly against the Bill. 
That action, we suggested, had its root in the fact 
that the scheme was promoted by a private com- 
pany. Had the Government been prepared to 
carry out the scheme on a national basis, the 
Socialist vote would have been as solidly ‘‘ Aye ”’ 
as, in the event, it turned out to be “ Nay.” A 
new Bill has now been deposited. It has been 
drawn up in such a way as to meet many of the 
legitimate objections brought forward against the 
earlier one. The rating clause in that Bill 
was much criticised, and was, moreover, strongly 
opposed by the County Councils of Inverness and 
of Ross and Cromarty. Such alterations have now 
been made that the County Council of Inverness, 
the authority principally concerned, has in general 
terms expressed jts approval of the new rating 
provisions. The legitimate requirements of the 
Caledonian Canal and other interests are, it is 
claimed, also met. Under the provisions of the 


miles are to be utilised in four power stations. By 
the erection of dams and other structures, Lochs 
Quoich, Cluanie, Loyne, and Garry are to be trans- 
formed into reservoirs, the water from which will 
supply the power stations. On another page of 
this issue the geographical situation of these lochs 
and power stations, together with the site of the 
factory at Corpach at the head of Loch Linnhe are 
shown by a map. 

As is usual in the case of any hydro-electric 
scheme of such magnitude, objections to the pro- 
visions of the Bill have been made from many 
points of view. Most of these objections are those 
which would be advanced against any scheme of a 
similar nature. In the work of building dams and 
tunnels it is impossible to avoid leaving scars on a 
previously undesecrated countryside. Despite the 
claims made that fish ladders have improved the 
fishing elsewhere, sportsmen may be excused a 
doubt whether perhaps that claim may be exagge- 
rated. That schemes of this nature spoil the 
country from a tourist point of view, we beg leave 
to doubt. In more than one instance it has been 
our observation that the creation of lakes and the 
construction of dams has made a district more 
attractive. But more weighty objections than such 
minor ones as those just mentioned have been 
advanced against the Caledonian scheme. At 
present the whole of the water from the proposed 
catchment area drains eventually into Loch Ness. 
But it is intended to divert the water from about 
7 per cent. of that area which drains at first into 
Loch Quoich, through a tunnel and pipe line to a 
power station on Loch Hourn, an inlet of the sea 
on the western coast. This proposal has led to 
fears that the amount of water flowing into Loch 
Ness will be insufficient to supply the requirements 
of the river which finds an outlet to the sea at 
Inverness. The promoters of the scheme claim 
that the creation of reservoirs will improve the 
regime of the river Ness by providing storage 
against dry seasons, and protection agaist floods 
and they undertake that the plant shall not 
be so regulated as to cause a reduction of the 
present minimum flow. Since the principle is 
very similar to that under which in dry climates 
water is stored for irrigation purposes, engineers at 
least will recognise the force of the promoters’ 
arguments. A matter of more weight, in that the 
Socialist vote may be swayed by it, is that of the 
site chosen for the factory. Last March the objec- 
tion was raised against the Bill that South Wales 
or some other of the depressed areas had more need 
of the factory than Scotland. Everyone must 
sympathise with those who wish to see every 
possible new industry settled in these districts of 
depression and unemployment. But the manu- 
facture of carbide must necessarily be undertaken 
as a commercial proposition, and the product must 
be saleable in competition with the imported 
material. By going to Scotland the promoters 
will be able to utilise cheap hydro-electric power, 
whereas in South Wales or elsewhere that elec- 
tricity would need to be generated, at greater cost, 
in a steam power plant. Had the promoters found 
that by building the factory elsewhere than in the 
Highlands the undertaking still stood a reasonable 
chance of success, we do not think that they would 
have adopted a course which required an applica- 
tion to Parliament and all the necessary attendant 


technical truth is that in the manufacture of 
carbide, just as in the production of aluminium, the 
cost of electric power is a. factor preponderant over 
all others. In respect of the total cost of the 
current no steam plant could compete with the 
hydro-electric works envisaged by the scheme. 
Thus it follows that if the concern’s business in 
producing carbide is to compete for this country’s 
market, against the foreign product, its factory 
must be situated where that hydro-electric power 
is available. 

No other of the objections which have been 
advanced against the Bill than those two discussed 
in the last paragraph seems to carry sufficient weight 
to justify in the smallest degree a summary rejection. 
As far as the regime of Loch Ness is concerned, the 
matter is principally one as to the amount of the 
minimum water supply sufficient to meet the 
requirements of the river and of Inverness. 
Clearly that is a matter which can be and should 
be fully discussed in Committee. The arguments 
for placing the factory in Scotland will, we believe, 
bear the most searching examination. Though it 
may be impossible to convince opponents that 
but little desecration will be involved, and though 
a small number of landowners and others may be 
disadvantageously affected, yet the scheme is not 


expense which follows upon such a course. The} << 


a large area in the southern half of Inverness-shire 
and around Fort William with the benefits of elec- 
tric power, a substantial addition to the rateable 
valuation of the County of Inverness will result, 
and during the construction period the undertaking 
will give employment to several thousand men, 
not only in the actual work of construction at the 
site, but also in the manufacture of plant and 
equipment in factories in various parts of the 
country. It should also be remembered that for 
each ton of carbide manufactured, one ton of 
anthracite coal must be raised from the pits in 
South Wales. In whatever light opponents of the 
Bill may peruse its provisions, we hope that no 
such summary rejection as was the lot of the earlier 
one will befall that now before Parliament. 


Workshop and Office Psychology. 


ON several occasions we have had to express 
critical views upon the work of psychologists. 
* Industrial Psychology,’’ as we pointed out, had 
become a catchword, and, as usual with catch- 
words, its original meaning had been extended out 
of all recognition. Much of the work done under 
its name was, we said, the daily, familiar work of 
the manager which he had never thought of dignify- 
ing with such a scientific-sounding title. Some of 
it he would have called human nature, and the 
rest, covering such practical matters as the position 
of handles on machines, the height of benches, the 
quality of light, and so forth, he would. know 
by no specific name at all. Attention to 
such matters resulted from observation, and if 
they were not settled by the workers themselves. 
fell within his ordinary duties. Even the value 
of rest intervals, with or without free tea, did not 
seem to him to be psychology, which he regarded 
as associated with telepathy, table turning. 
planchette, séances, and similar psychical mysteries. 
All these things were just simple matters to besettled 
by trial and error. But thus it is with common 
events. Give them a scientific name and they assume 
a new semblance in the popular mind. The much- 
talked-of “‘ streamlining ’’ caught the public eye, 
and is now an epithet for modernity, even in non- 
moving objects. Again the familiar ‘‘ Heating and 
Ventilating ” was dubbed by someone, probably in 
America, ‘“‘ Air-conditioning,’ and now everybody 
thinks there is something new and wonderful in it, 
not knowing that it has been practised for scores 
of years under a commonplace appellation. 

There is on our table as we write a copy of the 
Human Factor for the current month. That paper 
is the official organ of the National Institute of 
Industrial Psychology, and in this particular 
number the Institute’s report for the year 1935-36 
is presented. It opens with a typical passage. 
“ Investigations have,” it says, “ been carried out 
for thirty-three firms or companies, representing 
twenty-three different industries. These investi- 
gations have dealt with large-scale problems of 
general organisation and policy, lay-out and pro- 
duction planning, working conditions, methods 
and standards of payment, the recruitment, selec- 
tion and training of staff, and problems of super- 
vision and morale.” We say that passage typifies the 
undertakings of the new Psychology, and we ask 
any conscientious works manager if there is a 
single subject in the whole list, not even excluding 
morale,” which he would not regard as falling 
within the ordinary duties of works management. 
We would go further, and ask him if he did not 
feel surprised that even such a small number as 
thirty-three concerns in twenty industries should 
consider it desirable to call in outside help to 
instruct or direct them in affairs of the kind ? 
Here are two astonishing exampies, not culled, 
we are happy to say, from engineering works. 
“Two insurance companies called in the Institute 
for the purpose of improving the lighting and 
ventilation of their offices. In a Sales Ledger 
office, dinginess, stuffiness, and poor lighting were 
found to be the chief causes of unsatisfactory 
morale and the prevailing discontent.” In the 
name of all that is wonderful, why did not the 
ordinary common sense of the managements of 
these three concerns see just as clearly as the 
inspectors of the Institute of Psychology what 
was amiss! Here is yet another case, which, un- 
fortunately, comes nearer home. “ In an Electrical 
Apparatus factory, a certain delicate adjusting 
process produced considerable eye strain which 
the Institute took steps to reduce.” It designed 
a special lighting unit, prescribed spectacles for 
the workers, and advised a mid-morning rest 
pause. “As a result of these changes, output 
increased by nearly 20 per cent.”” What was the 
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equipment for a special job, tell the men to get 
spectacles if he saw that they needed them, and 
even test the value of an official rest pause if the 
workers did not take it spontaneously ¢ 

We are driven to the conclusion that, after all, 
there must be some psychology in this business, 
but we suggest that the Institute is putting it on 
the wrong leg. It is not the psychology of the 
workpeople that they are acting upon, but the 
psychology of managers and management. It is 
obvious that the managers themselves ought to 
have done just the things that the Institute did. 
We do not doubt that in most cases they were 
quite capable of doing them. Bat for some reason, 
possibly internal friction on the staff, possibly lack 
of enthusiasm or want of encouragement, possibly 
even sheer indifference, they did not do them. 
If that was the case, then it was upon the psycho- 





logy of those who ought to have used their common 
sense, but for some hidden reason could not, that 
the Institute reacted. That is not, we fear, an 
uncommon condition. A case came within our 
own ken several years ago. A firm of engineers, 
with a very advanced student of works manage- 
ment at its head, called in an outside adviser—not 
@ psychologist, but a production engineer—and 
as a result carried out improvements which it could 
certainly have devised for itself. That we regard 
as very strange. We have not a word to say 
against the work of this kind that the Institute is 
doing, but if any psychology comes into it, it lies 
in the curious mental condition of trained people 
who can appreciate changes when they are carried 
out under external advice, and yet fail, for some 
reason, in their duty to effect them without that 
advice. 
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History of Henry 


One Hundred Years of Progress : 
Centenary Pub- 


Wiggin and Co., Ltd., 1835-1935. 
lication. (Not for sale.) 


IN May last, Henry Wiggin and Co., Ltd., of Bir- 
mingham, celebrated the hundredth anniversary of 
the foundation of the company ; subsequently they 
issued the history of the firm which lies before us. 
[t is anonymous, but is more deserving of @ signature 
than many histories we have read. 

A hundred years ago it was still possible for great 
firms to have romantic origins. Evans and Askin, 
from which Henry Wiggin’s sprang, is a case in point. 
Askin’s father was a linen draper, a trade cordially 
disliked by young Charles, who had a leaning towards 
science. On his father’s death, he sold the business, 
moved from Cheadle to Birmingham, opened shop as 
a veterinary surgeon, and devoted his leisure to the 
pursuit of chemistry. So far quite humdrum; but 
here romance enters. Charles had a young friend who 
was appointed by the Mexican Mining Company to 
works abroad. His parents objected and he offered 
the post to Charles Askin. Charles agreed, but with 
the stipulation that he should first visit German 
mining industries to perfect himself in the refining 
of metal. Thereupon he sold his veterinary practice, 
and for six months lived in Germany. Taking advan- 
tage of proximity he visited friends named Evans, of 
whom we hear more later, in Poland. There in a 
shop window he saw spoons and forks made of 
~ Argentan ’’= German silver, and bought a few. 
Returning to England he was preparing to go to 
Mexico, when the Mexican Mining Company proposed 
to change the terms they had made with him. He, 
impetuously, as his manner was, cancelled the agree- 
ment, cut his German losses, and went to Leamington, 
where his brother was manager of the gasworks. 
Here he found a chemical laboratory at his disposal, 
and in it eventually succeeded in producing a small 
ingot of ““ Argentan.” The historian tells how the 
little billet was passed under the rolls of a ponderous 
mill, coming out before the eyes of the anxious 
chemist as a bright and glittering ribbon, and how 
his friend Merry told Askin that his fortune was 
made. But Merry had an eye to his own fortune as 
well. In 1833 he and his brother formed a partner- 
ship with Askin, and the production of German silver 
on @ commercial basis was begun. It succeeded at 
once, but the partnership for some unknown reason 
proved unsatisfactory, and a little more than a year 
later Askin was once more his own master. 

Mr. Evans was a woollen draper, whose garden 
abutted upon the garden of Askin senior. The 
Evans's and young Askin made, as boys will, friends 
over the garden wall. It was the Evans’s who now 
encouraged or proposed a partnership with Askin as 
nickel refiners and German silver manufacturers. 
Terms were arranged and the firm of Evans and Askin 
came into existence in 1835. Twenty-five years later 
the name was changed to Henry Wiggin and Co., Ltd. 
Early in its history the supply of crude nickel speiss 
from the potteries failed, and Brooke Evans went 
to the Continent to look for more. In the village of 
Dabshau, in the Carpathians, he found a nickel- 
cobalt-arsenide ore, and bought all he could. Un- 
fortunately, the ore was quite unsuitable for Askin’s 
process, and some means of separating the cobalt from 
the nickel had to be found. The text-books of the day 
shed no light on the problem, and a research—as we 
should now call it— was undertaken. Ordinary fire- 
refining methods failed, and Askin was struggling 
rather hopelessly with wet refining when Mr. White 
Benson, father of the late Archbishop, then managing 
director of the British White Lead Company, sug- 
gested precipitating the cobalt with bleaching powder. 
At this pomt romance steps in again, for an accident 
solved Askin’s problem. Benson himself tried his 
own proposed method—and failed. Askin tried it 
petulantly with less bleaching powder than was 
thought necessary, but all he had—and succeeded 
perfectly. Had he not been short of bleaching powder, 





he might have laboured for months before separating 
the cobalt from the nickel. What was no more than 
a very fortunate mishap, not only gave Askin what 
he was seeking for, but gave to the world the beautiful 
blue of Sévres china produced after the ‘sixties 
from the sesqui-oxide of cobalt, a by-product of the 
Askin process. 

The firm, then well established, had another remark- 
able stroke of good fortune, for about five years after 
its establishment Elkington made his discovery of a 
commercial method of silver plating. German silver 
forms an admirable basis metal for plating, and the 
demand for it increased, and with it the prosperity 
of Evans and Askin. 

We must come now to Henry Wiggin. He also was 
a Cheadle lad, and in 1838, when he was fourteen 
years of age, was apprenticed to a firm of drapers in 
Birmingham. But it happened that his father and 
Askin were friends, and he spent much time at the 
house of the latter showing such interest in scientific 
work that Askin indentured him at the age of eighteen 
his apprentice and assistant. In August, 1847, 
Charles Askin died abroad, and under his will young 
Wiggin was taken into partnership by Brooke Evans. 
In 1862 Evans also died, and it seems pretty certain 
that the whole management of the business passed 
into the hands of Henry Wiggin, but the name of the 
firm was not altered till after the. death of Alfred 
Evans, a sleeping partner, in 1870. 

We have said enough, we hope, to show our readers 
that in this very attractive volume there is to be found 
the dramatic story of the rise of a great firm, and we 
need only add that in succeeding chapters to that 
which we have surveyed will be found biographical 
notes about the leading characters, technical details 
about the process upon which the firm was founded, 
an account of the activities of the company in more 
recent years, and some admirable views of the 
present works. 

It is with some regret that we have to add that the 
book is for private circulation only, for we are con- 
fident that many who follow the history of industries 
would like to be the happy owners of copies. Possibly 
with the presentation of suitable credentials, Messrs. 
Henry Wiggin and Co. may be disposed to satisfy 
that praiseworthy desire. 


The Protection of Electrical Plant. By Dr. P. F. 
Strirzzt. London: Sir Isaac Pitman and Sons. 
Price 18s. 

THOSE seeking information on the protection of elec- 

trical plant in accordance with Continental practice 

will find this book useful. Since the author is chief 
electrical engineer to the A.E.G. Company, German 
apparatus naturally receives considerable attention, 
although other apparatus is not neglected. One of 
the main differences between British and Continental 
practice is, of course, to be found in the design of 
circuit breakers. While in this country the oil 
breaker continues to be favoured, breakers that 
operate without oil, or a relatively small quantity of 
oil, are now largely used on the Continent. The author 
appears to consider that the reason for this is that 
until recently there were no extensive networks in 

Great Britain and the majority of accidents have not 

been due to oil fires. A more probable explanation 

is that British manufacturers are slow in accepting 
foreign ideas, especially when they have a ready 
market for standard apparatus. 

Although marked improvements have been made 
in the design of oil breakers, the rapid progress of 
the alternative types in other countries is due to 
something more than efficient salesmanship, and it is 
not improbable that sooner or later British manu- 
facturers will find it necessary to produce water and 
air blast breakers. As the author points out, such 
breakers can readily be incorporated in ironclad gear 
in those cases where importance is attached to enclo- 
sure of all live parts. 





Generator and transformer protection is considered 
in all its aspects, and, needless to say, attention is 
paid to the Buchholz relay, now widely employed 
for protecting transformers in the event of internal 
short circuits, &e. Separate surge protection for 
transformers, the author states, is not required. 
Suitable excess voltage arresters installed at the bus- 
bars of a station will extend protection to all trans- 
formers in the same station. Recent research is said 
to have established beyond all doubt that the most 
important factor endangering modern transformer 
windings is not the steepness of the wave front, but 
the peak value of the surge. 

In the section of the protection of bus-bars and 
switchgear tetrachloride and high-power cartridge 
fuses are described ; also reactors and surge arresters. 
The most successful type of arrester in the author's 
Opinion is the “ thyrite” arrester, the resistance of 
which varies inversely with the third or fourth power 
of the voltage applied to its terminals. All the surge 
protective devices described are designed with a view 
to reducing the shape and magnitude of incoming 
surges to harmless dimensions, and not to afford pro- 
tection from direct lightning strokes, although, 
according to the author, there is much evidence 
suggesting that modern arresters are suitable for 
dealing with such an emergency. 

In considering feeder protection prominence is 
given to the Petersen coil, widely adopted for the 
protection of overhead lines in Germany. In this 
country, however, where the neutral of the system is 
earthed, this system does not usually apply. It is, how- 
ever, in use on over 1000 systems, comprising about 
200,000 miles of overhead and underground H.T. lines 
in various parts of the world, with voltages between 
6 kV and 220kV. The principle of the Petersen coil, 
which is really a choke coil, is that the lagging current 
due to the coil and that of the phase on which the 
fault occurs is approximately equal to the leading 
earth current, and apart from a small watt current 
due to the ohmic resistance, the resulting current 
through the fault is negligible. Thus no are can be 
maintained. Other systems of protection are con- 
sidered in the section on ring mains, including the 
Pfankuch system, the Merz-Price opposed voltage 
system, the translay system, the McColl biased circu- 
lating current protective system, &c. Systems with- 
out pilot wires are also described. 

This somewhat complicated subject of protection 
is dealt with in a simple way, and although much of 
what the author has to say about feeder protection 
relates to Continental practice, all engineers seeking 
information on protective gear should find the book 
useful. The last part of the volume is devoted to L.T. 
networks, consumers’ installations, the protection of 
D.C. circuits, and the co-ordination of protective 
gear. In the latter section the author again calls 
attention to the advantages of the Petersen coil, 
which is claimed to reduce the number of line inter- 
ruptions considerably. 





SHORT NOTICES. 


Flotation Plant Practice. By Philip Rabone. London : 
Mining Publications, Ltd. 1936. Price 10s. 6d.—This 
book is intended to give the. general engineer a broad 
conception of the principles of the froth flotation system 
of concentrating metallic ores. To some extent it does so, 
but we think that the author would have been well! 
advised to give a rough idea of what “ flotation *’ means 
at the beginning of his work, for it is really not the relative 
specific gravity (which might be described as the flotation 
capacity) of the metal, and the gangue upon which the 

rocess depends, but rather their relative affinity for 

ubbles of air caused by the surface tension of the liquid 
in which they are immersed. Of course, this fact is well 
known to all mining engineers, but we imagine that there 
must be many in other branches of the profession who 
would not at first grasp the matter. However, the author 
plunges directly into the subject of crushing and grinding 
the ore, devoting to it over one-third of the volume, 
Brief illustrated descriptions of practically every type 
of crushing and grinding machine on the market are 
given. Then comes the part devoted to flotation, which 
gives some idea of the principles involved, still assuming 
that the reader appreciates the fundamental fact men- 
tioned above. In the course of some forty pages the 
author describes the reagents used for frothing, collecting, 
promoting, modifying, depressing, and activating. This 
is followed by a short illustrated chapter on flotation 
machines. Another deals with flotation methods—that 
is to say, the circuit through which the ore goes—and the 
disposal of the tailings finishes the book, which, including 
an index, covers 165 pages. 


Alternating Current Machines. By A. F. Puchstein 
and T. C. Lloyd. London: Chapman and Hall. Price 
25s.—The aim of the authors in writing this book has 
been to conserve the time and labour of the student as 
far as the difficulties of the subject will permit. The 
method of presentation and arrangement of the material 
are pita to be helpful to students in their studies. 
Although the title of the book is “ Alternating Current 
Machines,’ there are nine short chapters on static trans- 
formers, which, needless to say, are not usually classed 
as machines. Two chapters are devoted to mercury 
vapour rectifiers, which are also really beyond the scope 
of the book. The machines dealt with are synchronous 
generators and motors, polyphase and single-phase induc- 
tion motors, and series and repulsion motors. The 
synchronising and parallel operation of alternators 
are discussed. Attention is paid to the construction of 
machines, the calculation of operating characteristics 
from tests and analyses of various related phenomena. 
Particular emphasis is laid upon methods of calculation 
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and the principles on which the analyses depend. Com- 
posed of over 580 pages, including the index, the volume 
contains much of interest to students of electrical engi- 
neering. Although mainly intended for more or less 
advanced students and presumably engineers,- much in 
the volume can be followed by others. Both the authors 
are experienced American teachers, and are therefore 
in a position to know what students require. 


Miners’ Safety Lamps. By T. RK. Barnard, B.Sc. 
London: Sir Isaac Pitman and Sons, Ltd., Parker-street, 
W.C.2. Price 4s. net.—In his preface the author states 
that he does not claim the book’ as the fruits of original 
research, but as an endeavour to collect scattered informa- 
tion on the subject. It opens with a short historical intro- 
duction and goes on to deal with modern types of miner's 
flame, electric and special lamps, accumulators, and bulbs. 
The information in these chapters is given in a concise 
manner and brief chapters on illumination, photometry, 
the lay-out of lamp rooms, and excerpts from the Coal 
Mines Acts and regulations increase the value of the book 
to students. No attempt has been made to delve deeply 
into the subject and the book can be easily understood by 
students and users of mine lamps, to whom it will prove 
interesting and useful. Those who wish to go more fully 
into the subject will find the bibliography at the end of the 
book of assistance. 


A Text-book of Illumination. By William Kunerth. 
London: Chapman and Hall, Ltd. Price 15s.—The 
second edition of this book, intended to be used as a 
basis for classroom work, and originally published in 
1929, has been brought up to date. About ninety new 
‘illumination problems have been added and the old 
problems have been revised. At the end of every chapter 
a list of additional references has been inserted to extend 
the course covered by the book if desired. 


BOOKS RECEIVED. 

Printing Metals. London: Fry’s Metal Foundries, Ltd., 
Tandem Works, Merton Abbey, S.W.19. Price not stated. 

Standard Methods of Analysis of Iron, Steel, and Ferro 
Alloys. Sheffield: United Steel Companies, Ltd., 17, 
Westbourne-road, 

Everyday Science. By A. W. Haslett. London: G. 
Bell and Sons, Ltd., York House, Portugal-street, W.C.2. 
Price 7s. 6d. net. 

Specification for Concrete Pile Driving. London: 
Institution of Structural Engineers, 10, Upper Belgrave- 
street, S.W.1. Price Is. net. 

** Machinery’s’ Screw Thread Book. Seventh edition. 
London: Machinery Publishing Company, Ltd., 52, High 
Holborn, W.C.1. Price 5s. 6d. net. 





A History of the Southern Railway. By C. F. Dendy 
Marshall. London : Southern Railway Company, Waterloo 
Station, 8.E.1. Price 17s. 6d. net. 


Analysis and Design of Structures. By A. H. Fuller and 


F. Kerekes. London: Macmillan and Co., Ltd., St. 
Martin-street, W.C.2. Price 25s. net. 
Heating and Air Conditioning of Buildings. By O. 


Faber, D.Sc., &c., and J. R. Kell, M.I.H.V.E. London : 
Architectural Press, 9, Queen Anne’s-gate, S.W.1. Price 
25s. net. 


The Theory of Dimensions and its Application for Engi- 
neers. By F. W. Lanchester, LL.D., F.R.S. London: 
Crosby Lockwood and Son, Ltd., Stationers’ Hall-court, 
E.C.4. Price 12s. 6d. net. 





SIXTY YEARS AGO. 


In June, 1875, the Railway Accidents Commission 
carried out an elaborate series of trials of continuous 
brakes for trains on the Nottingham and Lincoln branch 
of the Midland Railway. For those trials the London and 
North-Western submitted a train fitted with Clark’s 
chain brake, the Caledonian one with Steel and McInnes’ 
air brake, the Brighton Company one with the Westing- 
house vacuum brake, the Great Northern one with Smith’s 
vacuum brake, the Lancashire and Yorkshire one with 
Fay’s continuous hand brake and the Midland three trains 
fitted with Barker’s hydraulic, Clark’s hydraulic, and the 
Westinghouse automatic air brake. We were present at 
these historic trials and published at the time full, although 
necessarily unofficial, res of the results. The Com- 
mission’s full report was very eagerly awaited by all 
interested in the working of railways but for some reason 
which we do not know its publication was delayed for 
such a length of time that many people began to believe 
that it would never be published at all. That at least seems 
to have been the opinion of Mr. Dugald Drummond, loco- 
motive superintendent of the North British Railway, Mr. 
James Stirling of the Glasgow and South-Western, Mr. 
Cowan of the Great North of Scotland and Mr. Barton 
Wright of the Lancashire and Yorkshire. These gentle- 
men came to the conclusion that the locomotive engineers 
of Great Britain were at least as competent as any other 
men to select a brake for themselves. Accordingly they 
formed a committee which eventually handed over two 
identical trains one to Mr. Westinghouse and one to Mr. 
Smith to be fitted with the air and the vacuum brake 
respectively. Trials of these two trains were carried out 
in December 1876 on the almost level portion of line 
between Waverley Station and Cowlairs. One of the 


details of the trials consisted of the use of a speed recording 
device invented by Westinghouse in order to dispense 








with the elaborate arrangement of stakes and flags and 
timekeepers which the Government Commission had used 
in the 1875 trials. In a van at the end of the train a 
friction wheel 6ft. in circumference made contact through a 
slot in the floor with one of the road wheels. The friction 
wheel drove two small single-acting pumps which drew 
water from a reservoir and returned it thereto past a 
loaded valve. The pressure of the water was a measure 
of the speed of the train, a device acting after the manner 
of a centrifugal governor being used to steady the dis- 
charge. The tests, carried out under Mr. Drummond’s 
supervision, consisted of noting the interval between the 
application of the brakes when the train was travelling 
at an observed speed and the instant at which the train 
came completely to rest. The results of the trials were 
fully detailed in our pages at the time. They appeared to 
favour the Westinghouse brake. For example when the 
train was travelling at 40 m.p.h. that brake brought it to 
rest after it had run 550ft. from the point at which the 
brakes were applied. At the same speed the stopping 
distance required by the vacuum brake varied between 
740ft. and 860ft. 








THE CALEDONIAN POWER SCHEME. 


WE reproduce on this page, from our issue of March 27th 
last, a map showing the geographical situation of the pro- 
posed Caledonian power scheme, a private Bill for which 
has been deposited before Parliament. It will be remem- 
bered that when a similar Bill came before Parliament last 
March it was rejected on the motion for a second reading. 
The scheme has been worked out for its promoters by 
Mr. W. T. Halerow, of C. S. Meik and Halcrow, West- 
minster. Dams would be built at the outlets from Lochs 
Quoich, Cluanie, Loyne, and Garry and also at a point on 
the river Moriston, some miles from its mouth. Water 
from Loch Quoich would be sent through a tunnel and a 
pipe line to a power station at the head of Loch Hourn. 
By means of a tunnel about 14 miles long water from Loch 
Loyne would be diverted into Loch Cluanie and thence 
through a tunnel and pipe line on the left bank of the river 
Moriston to a power station some 3 miles below the dam. 
The other dam lower down the river would divert the water 
into another tunnel 4} miles long, delivering it to a power 
station at the mouth of the river. The fourth power 
station would be situated on Loch Oich and receive water 
from Loch Garry. The current generated in the power 
stations is intended to be transmitted by overhead lines 
to the factory at Corpach at the head of Loch Linnhe. The 
scheme was more fully described in the issue to which 
reference is made above. For the electrical side, Messrs. 
Highfield and Roger Smith, Westminster, Consulting 
Electrical Engineers, are co-operating with Mr. Halcrow. 
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The De Havilland Aircraft Works. 


TIVYHOSE who find it necessary to travel frequently 

ito and out of London by the new arterial roads 
cannot fail to have been struck by the architectural 
character of the large number of factories erected 
on the outskirts of the city. Gone are the darkness 
and dirt which characterised works built in a less 
experienced and more smoky age. Modern works 
are laid out for effect as well as efficiency, and with 
the aid of concrete the architect hides behind 
monumentally designed fronts the airy and well- 
lighted steel-framed shops in which the manufac- 
turmg work is done. Of the new factories around 
London few are more pleasantly situated or better 
designed than that of the De Havilland Company, 
Ltd., at Hatfield. The low, wide office building 
illustrated on this page stands well back from the 
Barnet by-pass road, and is separated from it by 
fresh green lawns and ornamental pools. In close 
proximity are the buildings and aerodrome of the 
london Aero Club. 

Recently we were given the opportunity to pay 
a visit to these works, and on this page and on page 
632 we reproduce photographs of the various 
departments. 

The firm, as is well known, is principally engaged 
‘upon the manufacture of civil aircraft, although 
certain of the machines produced are suitable for 
military purposes. The planes are constructed 
almost wholly of wood, metal only being used for 
such parts as engine struts and for holding the 
various wooden members rigidly together. The firm 
is also concerned in the production of aero engines, 
but, for the present at least, this work is being 
carried on in the old factory at Stag Lane, and the 
completed engines are brought to Hatfield for mount- 
ing in the aircraft. 

From the main office building our guide led us 
first into the * school,’’ where students are trained 
for various grades. The firm has always been 
interested in the training of young men and offers 
two, three, and four-year, and also “ refresher ”’ 
courses. In the school parts are made actually for 
use, not merely as student’s specimens, and here 
engines can be taken to pieces and examined. In 
1934, the students constructed a machine which 
competed with distinction in the King’s Cup Air Race, 
and last year another machine was entered for the 
same race. Besides the practical work, evening classes 
are held in lecture rooms opening off the “ school ” 
to prepare students for the Associate Membership 
or the Associate Fellowship Examination of the Royal 
Aeronautical Society and the Institution of Aero- 
nautical Engineers. 

From this corner of the works we emerged into 
the main production shops. A large rectangular 
stores much longer than it is wide divides the works 
into two parts. On the right is the machine shop 
and sheet metal department, where separate parts 
and sub-assemblies are made, and find a temporary 
resting place in the stores before being issued on the 
other side to the ereetion departments. The work 


to one another by the usual number of degrees, 
90 deg., 45 deg., or 30 deg. Each of these parts, 
many of which are of wood, must be suitably held 
and supported rigidly at the joint, and in consequence 
specially shaped steel jomting pieces, frequently 
formed by welding together a number of stampings 
and pressings, are employed. Beside the making 
of these joints there is the building up of such things 
as the metal framework on which the engine rests 
out of square hollow section rolled steel. 

As a typical example the parts known as “stub 
planes *’ may be instanced. Each one of the struc- 
tures is composed of about sixty detail parts. Each 
part is a plate or tubular fitting, made up on fitting 


shop benches, and then passed to the welding section. 
Here the parts are placed in prepared jigs and welded 
together by the oxy-acetylene process by highly 
skilled welders. Each welder holds a ‘* number 
stamp ” showing that he has passed the Air Ministry 
approval test. This number is placed on the structure 
that a particular man welds, so that a check can be 
made in case of fault. No person is allowed to weld 
a structure unless he has passed the Air Ministry 
test. Great care has to be taken in the preparing 
of the jig for the parts to be welded so as to allow the 
necessary expansion that takes place during the 
welding operation, and the welder must be careful 

















MAIN OFFICE BUILDING 


done in the machine shops is all of a light character, 
of course, and the machines are driven electrically 
from overhead shafting. Besides the various lathes 
and other general purpose tools to be found in almost 
any machine shop, we noticed a number of presses 
for stamping out and forming small parts. Heat- 
treating, polishing, sand-blasting, and cadmium- 
plating shops are situated close beside the machine 
shop on the side furthest from the stores. A job 
that impressed us as we passed through the shops 
was the welding of parts into sub-assemblies. In the 
construction of an aeroplane there is little of that 
regularity of angle to be found in general engineering. 
From any given point in the structure struts and 
tension members lead away at odd angles not related 


that he starts the sequence of welds in an order 
that will result in the least distortion, thus allowing 
the structure to be finished to correct size after all 
operations are complete. When the welding is 
finished the job is examined by a skilled inspector, 
who, if he is satisfied, stamps it and allows it to go 
to process departments, where the job is cleaned and 
stove enamelled and finally passed to the stores. 

All the working of wood is carried out on the other 
side of the stores. From the rough sawmili the 
timber—wonderfully straight in gram—is taken to 
the woodmill, where the main members of the wings 
and fuselage are formed in planing and cutting 
machines. We noticed that in this mill all the 
machines are driven by independent motors, and 











that a complete dust-extraction equipment is fitted. 
In a shop beside the mill smaller wooden details are 
made, and these, together with the heavier members, 
are erected into complete wings and fuselages, &c., 
in the same shop. This shop is warmed by air drawn 
by electric fans through steam-heated radiators 
and then distributed fan-wise. For the making of 
these sub-assemblies the wood is bent into shape 
and jointed with other parts on large heavy wooden 
jigs of the correct form. We were informed that it 
is usually unnecessary to “steam’’ the wood as 
when jointed up it holds its form. From this assembly 
shop, which lies alongside the stores, the uncovered 
components travel on trollies through a wide doorway 
with a fireproof door into the fabric and dope shop. 
The heating of this shop is effected by drawing air 
through large overhead radiators and distributing 
it through ducts which give thirty changes of air 
per hour. Here girl workers cover wings and other 
components with fine Irish linen fabric. Sub- 
sequently, dope is sprayed on to fuselage and wings 





MACHINE SHOP AND SHEET METAL DEPARTMENT 


in special booths fitted with high-speed exhaust 
fans. Elaborate precautions are taken to prevent 
outbreak of fire, and to suppress it should it occur, 
the Lux CO, system is employed. An interesting 
detail is that the fans are automatically shut off 
as soon as the CO, is supplied, in order to prevent 
the gas being drawn away. After inspection, the 
now covered and doped components after painting 
pass across the end of the stores into the final erection 
shop, where they are mated with all the other sub- 
assemblies and the engine to make a completed 
aeroplane. The heating system for the paint shop 
is similar to that for the dope shop, but the changes 
of air are less frequent. We noticed that with the 
help of travelling screens painting cabinets of various 
sizes to suit the machines being sprayed could be 
built up. 

Although, owing to the absence of any sign of 
smoke, travellers on the Barnet by-pass would not 
suspect it, there is a small turbo-steam power station 
in the works generating electricity for lighting and 
the driving of the machines. The steam generator 
plant has to supply steam both for power and for 
heating and processing, but most of the heating is 
done by bleeding the turbine at 161b. per square 
inch pressure. If, as in the summer, the demand for 
heating steam is less than the pass-out supply from 
the turbine, the difference is automatically passed 
to the condenser, and thence to the hot well and feed 
pumps. The temperature of the heating steam is 
regulated to 300 deg. Fah. The boiler equipment 
consists of two mechanically fired super-Lancashire 
boilers working at 2101b., superheated to 610 deg. 
Fah., capable of generating 26,000 lb. of steam per 
hour, and one destructor boiler which consumes al | 
rubbish and wood refuse. The turbo-generator. 
develops 440 kW. and supplies three main distribut- 
ing panels in the main shop. An alternative supply 
can be taken from the North Metropolitan, the change- 
over being made by sections. 








The Pyruma Cement Gun. 


THERE has just been put upon the market by J. H. 
Sankey and Son, Ltd., of Ilford, Essex, a special form of 
“gun” or ejector for spraying linings on to the refrac- 
tories of furnaces. It is a comparatively simple form of 
ejector operated by compressed air at a pressure of from 
40 lb. to 50 lb. per square inch, and will project liquid 
cement efficiently to a distance of 3ft. to 4ft. A $in. air 
connection will supply sufficient air for its operation. The 
gun is connected with a container for the liquid cement by 
means of a flexible hose, and is made of gun-metal with 





steel cones. A convenient handle is provided for opening 
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and closing the air valve and thus regulating the jet. 

The makers recommend several grades of Pyruma and 
Siluma cements for use with the gun, mixed, of course, 
with water to a creamy consistency, and say that they 
can be applied to a thickness of $in. in one application. 
Above that thickness it is advisable to apply several 
layers, allowing the first to dry out thoroughly before 
applying another. It will be readily appreciated that 
Pyruma applied in this way will adhere to brickwork more 
thoroughly than that put on by brush or trowel, and will 
penetrate to corners that would be inaccessible by other 
methods. 








A Sand Washing Elevator. 


A NEW type of machine for use in gravel pits and such- 
like situations where it is required to wash sand free of 
adhering mud has recently been brought out by Frederick 
Parker, Ltd., of Viaduct Works, Catherine-street (Exten- 
sion), Leicester. It is illustrated by the accompanying 
engravings. 

The general principle is that of a bucket elevator, with 
perforated buckets scooping up the sand from the bottom 
of a tank, into which the wet sand is fed, while the muddy 
water overflows at the top. 

Referring to the first engraving, it will be seen that the dirty 


buckets by the time they reach the discharge point. This 
water is then thrown off by centrifugal force into a separate 
shoot, and carries away any dirt or vegetable matter 
which may have floated on the water. 








New Trollybuses. 


Two types of electric trollybuses have been introduced 
by the Daimler Company, Ltd., of Coventry, a four-wheeler 
and a six-wheeler designed on similar lines. Realising 
that ‘municipalities have different views concerning the 
most desirable equipment, the chassis has been planned 
so that the requirements of almost any specification can 
be met without necessitating a great deal of alteration to 
the standard components. Regenerative control, rheo- 
static braking, vacuum or air pressure braking are 
obtainable, and the “ battery manceuvring”’ feature is 
easily incorporated. 

The Metropolitan-Vickers Electrical Company builds 
the electrical equipments. A compound-wound motor 
for regenerative and rheostatic braking is supported 
on Silentbloc bushes mounted on four brackets secured 
to the off side frame member, and a sub-frame carried by 
two cross members. When the vehicle is loaded a straight- 





line drive to the underslung worm back axle is secured, 




















sand is shuiced into the tank at A, and, being deflected by a 
U-shaped baffle, settles to the bottom in the compartments 
BB. The water carrying the mud rises by the outside 
compartments CC, flows over the weirs D D, and away 
by the side sluices seen in the second engraving. The sand 
is continually stirred up and carried aloft for dispatch 
by a bucket elevator. 

This elevator comprises a band, running over two 
pulleys, on to which the perforated buckets are attached 
by short legs. The result is that the band can be kept 
clear of the bed of sand in the bottom of the tank and does 
not suffer from abrasion. At the same time the legs allow 
water draining through the perforations of the buckets 





SAND WASHING BUCKET ELEVATOR 


and the angles through which the universal joints have 
to work do not at any time exceed 24 deg. in any direction. 
A Hardy-Spicer needle-roller jointed shaft is used. The 
splined portion is 3in. in diameter, and works in an oil 
bath, the loading on the splines being reduced to about 
one-fifth of that usually imposed. 

On the four-wheeler vehicle the wheel base is 16ft. 34in. 
long, and the front track measures 6ft. 6,in.; the 
turning circle between kerbs is 55ft. The motor and 
axle “ pot’ are offset to the nearside, an arrangement 
which provides a clear gangway along the centre of the 
lower saloon. The nearside longitudinal is cranked out- 
wards to accommodate the motor. The fully floating 








An air compressor of 4-8 cubic feet capacity driven by 
a } H.P. motor is mounted on the offside of the chassis, 
which also carries the air reservoir and a Metrovick- 
C.A.V.-Bosch motor generator set for low-voltage lighting. 
The front brake cylinders are mounted on the swivels, 
whilst those for the rear brakes are carried under a cross 


member, where they are less exposed to dust. The use of 
flexible pipe connections is also avoided. The compressor 
governor, which cuts in and out at pressures of 75 lb. 
and 110 lb. respectively, is mounted in the cab. The 
steering gear is of the worm and nut type, and the shaft 
is mounted in a rubber cushion block at the column head. 

A multi-plywood platform fixed to the chassis frame 
carries the master controller. The operating levers pro- 
ject through the bottom of the casing and platform, 
and are attached to the rods, which are coupled to the 
pedal controls. Secondary insulation is provided just 
forward of the drop lever connections. Easy access to 
the moving parts can be obtained by removing the driver’s 
seat, which is fixed to the top of the controller casing. The 
contactor panel is normally flexibly supported on the 
rear_side of the master controller, but it may be rigidly 




















fixed to the rear bulkhead with an inspection door to 
give access to the electrical connections. 

While the six-wheel chassis is of similar construction, 
the bogie axles have 7in. worm centres and the foremost 
axle incorporates the Kirkstall patented third differential, 
which can be removed without disturbing the worm shaft. 
The brake drums are I7in. in diameter and 6in. wide. 
The bogie is fitted with the Kirkstall patented suspension 
system, having a single road spring on each side of the 
vehicle, the top leaves being extended to form additional 
anchorage for the axles so that they all take braking and 
driving reactions. Other items of equipment include a 
speedometer driven from the forward end of the main 





























FRONT VIEW OF CHASSIS 


to drop clear of the succeeding bucket. A series of prongs 
fixed round the periphery of the lower pulley serves to 
stir up the sand and help to free it of mud. It will be 
noticed that both at the top and the bottom the shaft 
bearings are clear of water and grit. 

The side casings shown in the second engraving are not 
necessarily standard, and can be made to suit local 
requirements. As the makers point out, it is obvious that 
the dirty sand should be in a free fluid state when it is 
supplied to the machine, so that the mud and other foreign 
matter is held in suspension in the water. In some cases 
it is advisable so to arrange the working of the machine 
that some water remains on the top of the sand in the 








back axle has 8in. worm centres and gives a reduction 
ratio of 9-33 to 1. Timken tapered roller bearings are 
fitted to the differential worm on all the road wheels. 
The axle shafts are of 75 ton steel with enlarged ends to 
give a star drive to the wheel hubs. 

Woodhead divided back plate springs, 62in. long, are 
fitted at the rear, the front springs being 52in. long. 
Ferodo-lined cast iron brake drums, 16}in. in diameter, 
are detachable without removing the hubs, and automatic 
adjusters eliminate the necessity for attention until the 
linings require renewing. The brakes are applied by the 
Westinghouse air pressure system and independently by 
a ratchet type hand lever. 








TROLLYBUS CHASSIS 


motor, a grouped nipple system of chassis lubrication, 
towing hooks on the front axle and at the rear of 
the frame, and an Exide-Ironclad lighting battery. 








Tue first of two “I” class destroyers being built by 
John Brown and Co., Ltd., under the 1935 programme, 
was launched on November 26th. The new ship, named 
H.M.S. “ Icarus,” is 312ft. long, with a beam of 33ft., 
and has a displacement of 1350 tons. Her sister ship, 
the “ Ilex,” is also nearing completion. 
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Mechanisation of Foundry Operations. 


By E. 
M\HE great productive power of industry to-day 
is primarily due to the introduction, continued 


improvement, and application of mechanical devices to 
industrial processes and manufactures, and the general 
organisation of “production and distribution of com- 
modities made possible by machinery. But the immense 
possibilities and facilities for still considerably improv- 
ing production which are at present available and not 
fully taken advantage of in spite of the spread of knowledge 
is surprising. Pioneer research work is very often carried 
out by a firm from sheer necessity. It is very surprising 
the amount of experimental work carried through by 
many engineering firms on similar problems. If one 
experiment followed through from where another left 
off then we could make more rapid progress, whereas we 


LONGDEN, M.1.B.F.* 


craftsman to do more skilled operations with a body less 
tired by strenuous labour. 


AMERICAN Founpry EQuipMENT. 

Fig. 1 is a diagrammatic drawing of mechanised opeza- 
tions and equipment in an American foundry. This 
mechanical plant is es simple and any 
moderate-sized foundry with repetition or semi-repetition 
lines of castings could usefully employ a similar plant 
or a modification of it to suit the particular foundry. 

The cycle of operations is started by knocking out the 
used mould on to the shake-out conveyor. The used 


sand is passed along by the conveyor, and at some point 
is tempered with water and new sand added before falling 
into a hopper situated above a cross-belt conveyor. 





From 


The castings which remain on the gratings are placed 
on the apron conveyor running down the centre of the 
system. 

The two plants outlined are now common in the 
industrial areas of America. The first system is situated 
at the foundry of Durnham Company, Iowa, and the 
second plant at the Adams and West Lake Company, 
Indiana. 

The continuous system shown in Fig. 3 is of much 
greater capacity. The plant is situated at the foundry of 
Pratt and Letchworth, Buffalo. 

The sand-preparation plant is arranged to feed two 
sets of moulding machine stations. It will be noted that 
a@ hopper or bin is provided for the mechanical handling 
of new sand. Incoming new sand is dumped into the 
outside hopper seen in the left forefront of Fig. 3. From 
the hopper the sand falls into the boot of an elevator 
and is raised on to a belt conveyor and then discharged 
into the storage bin. The new sand is elevated, delivered 
by an apron conveyor to join with the returning used 
sand from the casting operations. Tramp iron is separated 
magnetically in this plant and is delivered into a bin. 

It will be noted that there are different types of sand 








find too much duplication and overlapping, and other 
forms of wasted or misdirected effort. 

Engineers generally and many founders are still 
unfamilar with the engineering progress in foundry work. 
The p se of these notes is, therefore, to outline the 
most advanced form of foundry mechanisation, leaving 
out many important developments of detail such as 
moulding, core-making, and dressing machinery, 

The importance of material handling in the foundry 
can be judged when we know that from 100 to 160 tons 
of material must be moved and manipulated to produce 
| ton of finished castings, made up of approximately 
14 to 20 tons of metal, 4 to 9 tons of core material, 35 to 
50 tons of moulding sand, and 30 to 35 tons of miscellaneous 
equipment, fuel, refractories, and lime, 

The employment of human power as a prime mover 


S-—MOULDING MACHINE STATION 


Fic. 6—POURING 


the cross belt the sand falls into the boot of the elevator, 
which then discharges it on to a revolving screen, where 
the sand is broken up and freed from foreign material, 
such as metal. The tramp metal is discharged into the 
down-take chute seen on the right front of the storage 
tank, into which falls the screened sand. From the storage 
tank the sand is fed by a revolving plate feeder to a belt 
conveyor from which it falls into a revivifier where it 
is thoroughly mixed and aerated, and discharged on to 
the distributing belt conveyor. Sand is ploughed off 
the conveyor into hoppers to which are attached chutes 
placed above the aniiiiees machine stations situated at 
X. The moulds having been made on machines are 
then placed on roller conveyors for pouring. Two or 
three sets of roller conveyors are allocated to each mould- 





MOULDS ON GRAVITY CONVEYOR ROLL 


mixers and conveyors. Instead of the sand falling direct 
into the moulding machine flask from the overhead sand 
- pers the material first pasges on to an apron conveyor 

thence into the chute above the machine. Gravity 
vat conveyors are employed for delivery of moulds. 

Fig. 4 is another popular system in the larger foundries 
and is employed in the Buick Motor Companies’ Foundry 
at Michigan. Again, the preparation plant is of sufficient 
capacity to feed two sets of moulding stations, each set 
with fifteen machines. It can be gathered from a com- 
parison of the storage tank and the size of the plant that 
the incorporation of a cooling system for the sand in its 

is considered adequate. Note the cooling hoods 
through which the moulds pass after pouring. 

Fig. 5 is from a photograph showing the operations at 





ing station. One or two conveyors are used for the delivery 


the moulding machine station in another plant.. Such a 





FiG. 7-VIBRATING SHAKE-~- OUT 


in the foundry, or in any work, is very costly, and wherever 
possible or practicable it pays to replace human labour 
and hand tools by mechanical equipment. There are 
three principal items of cost—fixed charges, cost of mate- 
rials, and Jabour wages. It is in the labour costs that we 
can look for the greatest saving. If we reduce labour costs 
we can also influence the ratio of fixed charges to labour, 
and by a reduction in such costs we are able to increase 
output per unit area of the foundry and accept an increased 
volume of orders. 

The application of machinery in the foundry in pre- 
paring and carrying sand and other materials, ramming, 
and conv! ey’ ing moulds made by machines frees the skilled 





* Foundry and Patternshop Manager, Craven Brothers, Ltd., 
machine tool engineers, Reddish, Manchester. 


SCREEN 





of the moulds for casting, and one for the return of the 
empty flasks or pressure jackets. After po the 
moulds are shaken out on a wide conveyor belt from which 
the castings are taken and placed on another conveyor 
belt running parallel with the sand conveyor. The sand 
again commences the preparation cycle, The castings 
are delivered to containers at the end of the castings 
conveyor belt and into adjacent tumbling and cleaning 
barrels. 

The next drawing, Fig. 2, shows another compara- 
tively simple plant which is flexible. 

Whilst there are many features in common with the 
system shown on Fig. I, it will be noted that the shake- 
out system is at and below floor level, the cast moulds 
being knocked out over gratings and the sand falls on 
to a belt conveyor and thence to the preparation plant. 








FiG. 8-POQVRING MOULDS FROM MOVING PLATFORM 


icture indicates an almost machine-shop precision 
in the production of small castings in the Western Electric 
Company, Chicago Brass Foundry. The moulds are made 
in snap flasks operated on pneumatic jolt squeeze machines. 
On the right-hand side of the engraving the operator is 
seen about to pull a lever which allows a measured 
quantity of sand to fall into the flask on the machine. 
After the mould has been made it is placed on the gravity 
conveyor for pouring. Bottom boards and slip bands are 
used to resist ferro-static pressure when casting. 

Fig. 6 shows moulds being poured on a gravity roll 
conveyor. Note the simple rack and pinion device for 
operating the ladle, and the glasses worn by the men 
as a protection against metal glare. 

Fig. 7 is a view of the shake-out screen at the foundry 


of General Motors Corporation, Saginaw, Michigan. 
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An operator is seen standing by the conveyor ready to 
lift moulds on to the vibrating shake-out screen seen in 
the forefront of the photograph. Sand falls through the 
screen to the conveyor belt to the sand-preparation plant. 
The castings finally fall into bins. Note spare casting 





FIG. 9—ANTI-FRICTION POWER ROLLER 


ramming machine—the sand slinger. The sand slinger 
is another method of power-ramming sand. The sand is 
impelled into the moulding box by a revolving impeller 
in the slinger head, where the sand leaves the machine 
in the form of wads of sand in a continuous stream. 





CONVEYOR 


bins, air hoist, and the prepared sand chutes leading ; The slinger machine has a wider application to ramming 


from overhead hoppers above the moulding machines. 

Fig. 8 shows the pouring of moulds from a moving 
platform at the General Motors Corporation, U.S.A. 
The caster is seen standing on a platform which travels 
at the same speed as the mould conveyor. Over-metal 


than the ordinary power ramming machine. 
British FouNDRY EQUIPMENT. 


Figs. 10 and 11 are from photographs of a British 
mechanised foundry where a continuous casting plant is 


is poured into ingot moulds shown to the left of the | suitably applied to small work of quite a varied nature. 














Fics. 10 AND 








FIG. 12—CONTINUOUS CASTING PLANT FOR PIPE SPECIALS (STANTON) 


operator. A notice just visible on the right holds all 


“* 


Mould facing sand is prepared in the sand-mixing plant 


operators responsible for keeping the conveyor equipment | shown in Fig. 11, which is placed at the extreme end of the 


clean. 

Fig. 9 illustrates an anti-friction type of power roller 
conveyor handling tractor crank case moulds. The sand- 
preparation plant is here seen working extremely 
efficiently, since sand is delivered immediately into a 


complete unit at point shown at_A in Fig. 10. New sands 


are fed by bucket elevation to the hopper B, Fig. 11, by 


a bucket elevator behind the plant. Sand, in measured 
quantities, is admitted to the mixer C from which the 
material falls into the boot of an elevator feeding to the 


& 





belt conveyor D. At a point further down the system, 
approximately at E, Fig. 10, the new sand mixed in 
the plant, Fig. 11, joins the used sand returned after 
the moulds have been poured and again conditioned. 
Sand is next elevated to the distributing belt conveyor 
F. Ploughs G are engaged to deflect the sand into the 
hopper chutes H above the moulding machine stations. 
The moulder actuates a gate in the chute allowing a 
measured quantity of sand to fall into a moulding box 
resting on a moulding machine. Moulds are passed along 
the roller conveyors I, then to the pouring conveyor J, 
which traverses an ellipse. The moulds are poured at a 
point in the forefront of the engraving. After pouring 
the moulds pass along to a knock-out station adjacent 
to the sand-conditioning plant E. 

The moulds are knocked out over a grating, the cast- 
ings being retained and the sand falls to a mould sand 
return conveyor belt, thence to the sand conditioner again. 

Fig. 12 shows a continuous casting plant in the Holwell 
Foundry of the Stanton Ironworks Company, Ltd., 
devoted to the production of C.I. pipe specials up to 6in. 
bores. The plant marks a considerable step forward in the 
production.of medium weight castings. 

The sand-preparation system is similar to that illustrated 
by Fig. 11, but is automatic and is situated in an annexe 
to the main building. The sand is delivered to the mould- 
ing machine station A, cooled, iron-free, screened, mixed, 
bonded, and disintegrated. 

The overhead distributing belt, the disintegrator, the 
three hoppers and bin dischargers, seen in the area B, 
are all s nded from the roof principals, leaving the 
floor entirely free of supporting structure. The bin dis- 
chargers on the supply hoppers have a wide range of feed 
and are synchronised with the moulding machine require- 
ments. Any surplus sand remaining on the overhead 
distributing belts and left after ploughing the material 
into the overhead supply hoppers is released, by means 
of a chute C, on to a spillage belt, which runs under the 
length of the moulding shop, and which also collects 
spillage sand from the area below the feet of the moulders 
and the moulding machines. The spillage sand returns 
to the sand-conditioning plant to join with returned 
mould sand and new sand to begin a new cycle. 

The operation of the moulding shop is intermittent. 
A complete series of operations is performed upon four 
moulding machines located at A, Fig. 12, and four mould- 
ing boxes within a cycle. The production of four bottom- 

moulds, and their transfer to four empty plates on 
the mould conveyor D, takes place simultaneously with 
the production of four sets of cores and their setting in 
four previously made bottom-part moulds already on the 
conveyor; the production of four top-part moulds 




















fos 


FiG. 13—-HYDRAULIC MOULDING MACHINES (WINGET) 


and the closing of four already cored moulds ; the pouring 
of four completely closed moulds; the knocking out of 
four poured and cooled moulds and castings. On com- 
pletion of the cycle the mould conveyor moves forward a 
distance equivalent to four plates and the cycle of opera- 
tions recommences upon a further set of boxes. The 
empty moulding boxes are returned to the moulding 
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stations by a gravity-roll conveyor, which is controlled 
by brakes. After pouring the moulds at the casting 
station in the extreme left background of the engraving 
the hot moulds pass through a cooling tunnel. The tunnel 
is fitted with two powerful exhausters to expel fumes to 
the outside atmosphere and also cool the moulds. The 
moulds are knocked out over a grating situated in the 
background of the picture. Castings are retained and 
forwarded by a conveyor belt to the fettling and dressing 
stations. The operation of fettling is carried out without 
completely removing the castings from the belt. 

The mould conveyor D is of the double-bogie type, and 
is 142ft. long to centres, 37ft. transverse centres, has 
fifty-nine mould-carrying plates, each 6ft. 6in. by 4ft., 
is intermittent in action, and is operated by compressed 
air. The conveyor has a load-carrying capacity of 180 
tons. The sand conveyors are all of the flat-belt type 
and differ only in respect of length. Eight sand conveyors 
have a total length of 350ft. 





Fic. 14—CONTINUOUS 


The sand elevators are of the belt bucket type, and are 
identical except in height, the highest having centres 
52ft. Fettling conveyors are 131ft. long between centres 
and operate at creeping speeds. 

The whole of the plant is lubricated by the Tecalemit 
system and fitted completely with ball bearings. The 
foundry is floodlighted and the floors are kept constantly 
clean, and presents another excellent example of 
mechanised casting production coupled with congenial 
foundry conditions. 

Another very satisfactory British installation is illus- 
trated in the next photographs, Figs. 13 to 15. This 
plant is in the works of Winget, Ltd., Rochester, and is 
devoted to castings of a repetition nature. 

Fig. 14 is a general view of the continuous casting 
foundry with the mould conveyor occupying the centre 
of the foundry. Hydraulic moulding machines are 
situated on the inside of the conveyor system and supplied 
by sand by hoppers and conveyor belt above. The special 
features of the mould conveyor are the continuous table 
top and the protected drive under each leg of the con- 
veyor, enabling the operators to mount the table with 
safety when pouring moulds. 

The conveyor is 390ft. centres in length, and 30ft. 
centres in width, carrying eighty cast iron table plates, 
4ft. 6in. by 3ft. 3in. Each plate is mounted on six wheels 
with roller bearings. The conveyor is controlled in speed 
from 7ft. to 21ft. per minute and is electrically driven. 
Moulds are made on the hydraulic moulding machines 
shown in Fig. 13, and placed on the conveyor from the 
inside. Passing along anti-clockwise they are poured 
at the casting station in the extreme left background of 
the general view, Fig. 14. 

The poured moulds cool in their passage to a point 
shown on the right-hand side of the engraving, Fig. 13, 
marked by the two men at work. At this point, the 
knock-out station, two men lift the moulds containing the 
poured castings on to a pneumatic mould knock-out 
machine. .The castings are retained and the sand falls 
through the grating running parallel with the conveyor 
to a sand conveyor belt leading to the sand-conditioning 
plant shown in Fig. 15, emerging from the floor, as clearly 
seen in the forefront. 

Sand preparation starts by discharging the used sand 
over a magnetic pulley to remove metal. The sand is 
next elevated by a cross-belt conveyor on to which is 
also fed new sand and other additions, on to the boot of 
the vertical elevator. From the elevator the sand dis- 
charges to a revolving screen, placed above the sand 
storage hopper shown on the right of Fig. 15, which has a 
capacity of 22 tons. Sand leaves the hopper aided by a 
rotating feed table. It is deflected from the table by a 
scraper into an electrically driven sand-mixing pan. 
On leaving the pan it falls to a cross-belt conveyor, and 
is then elevated to the distributing conveyor belt running 
along the centre of the system and above the moulding 
machines. 

Sand is deflected into the hopper chutes seen in Fig. 14 
by engaging a gate to scrape sand from the distributing 


The development of continuous plants in Britain will 
be accelerated with an appreciation of the great advances 
made in America. Incidentally, the writer saw a 
continuous plant in America which, although built in 
1910, had been doing useful serviec to date. 

Men like Andrew Carnegie replace any method or 
equipment as soon as something better presents itself. 
He is known to have scrapped millions of dollars value 
in new machinery actually, because he found more 
advanced machinery or apparatus, maybe at a much 
greater expense, which he was convinced would lower the 
unit cost of production. There are few industrialists 
and engineers who would go so far. It requires confidence 
and courage, because mechanical handling cannot be 
justified unless from the economic standpoint that it 
pays its way in a short time. A simple rack or a carrier 
on wheels costs little more than one without and can be 
moved so easily from point to point. 





CASTING FOUNDRY (WINGET) 





belt conveyor. 





In conclusion, I wish to thank the Link Belt Company 
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of Chicago, U.S.A., for supplying me with many excellent 

mmatic drawings and photographs of continuous 
casting systems which I had the pleasure of seeing with 
every facility whilst in America. My thanks are also 
due to Augusts, Ltd., Halifax ; the Foundry Equipment, 
Ltd., London and Leighton Buzzard, and to Winget, Ltd., 
for photographs. 








South African Engineering Notes. 
(By our South African Correspondent.) 
CarPE Town, November 14th. 
New Industries in the Union. 


The town of Port Elizabeth is becoming one of 
the greatest industrial centres in the Union, owing to the 
advantages it offers in the way of cheap sites, cheap 
water, and cheap electricity. Just now two large firms 
have decided to open factories there. One is the firm of 
Cadbury-Fry, Ltd. The company has acquired two sites, 
one of 8 acres, which, it is understood, is to be laid out and 
kept as an open space; the other contains 6 acres, and 
here the factory workshops and offices will be erected. 
The company is sending out from England its own tech- 
nical staff to conduct the essential investigations and to 
formulate the scheme to be adopted. The new factory 
will employ about 500 Europeans, in addition to which 
there will be a certain amount of non-European labour. 
Whilst having already a huge connection in South Africa— 
with headquarters in Cape Town—the firm has not hitherto 
undertaken out here anything in the way of actual manu- 
facture ; therefore the factory to be erected will represent 
an important addition to the Union’s industries. 

Another notable addition to Port Elizabeth’s industrial 
development is a factory to be erected by the National 
Carbon (Pty.), Ltd., U.S.A., for the purpose of manu- 
facturing its “‘ Eveready” and “Columbia” products, 
including dry or primary batteries and air cells for electric 
torches, searchlights, radio sets, telephone systems, signal 
systems, mine lamps, railway lamps, &c., also electric 
torches and other related carbon products. The firm has 
purchased three acres of ground, the plans for the factory 
have been prepared and approved by the City Council, 
and in the near future construction will be begun on a 
building comprising a one-storey factory of approximately 
35,000 square feet of floor space. The authorised capital 
of the company is announced at £125,000. The repre- 
sentatives of the firm; Mr. J. W. Todd and Mr. H. F. 
Doolittle, from the United States, have been in South 
Africa for several months conducting the preliminary 
work of organisation. Actual production should be in full 
swing in a matter of a few months. 


A New Water Scheme. 


The growth of industries and population has 


ratepayers with a proposal to embark on a big water 
scheme, which at the present rate of expansion will, it 
is estimated, serve the city for fifteen years. The scheme 
is estimated to cost £1,250,000 and will entail the building 
of @ reservoir at the Kromme River and 2 pipe line, 
90 miles long, to the city. The storage capacity will be 


7,000,000,000 gallons and the daily supply 5,000,000 
gallons. This would be in addition to the existing supply 
of 3,500,000 gallons. Should the expansion continue it is 
understood that a further 5,000,000 gallons per day could 
be obtained at a cost of about three-quarters of a million 
from the same source by the laying of a second pipe line, 
and yet another similar quantity later on at about the 
same amount of additional expenditure. The town of 
Paarl also intends, in view of the continued expansion of 
the industries in the town, to tackle the problem of pro- 
viding sufficient reserves of water to meet increasing 
requirements. The scheme to be considered would cost 








decided the City Council of Port Elizabeth to go to the 





about £30,000. The property owners of Fish Hoek have 








15—SAND CONDITIONING PLANT (WINGET) 


sanctioned the raising of a loan of £49,000 for a sewerage 
scheme for the place. 


A Cement Factory. 


The ratepayers of Kimberley are to be asked to 
sanction a loan to assist in the establishment of a large 
cement factory in the town. At an extraordinary meeting 
of the shareholders of the Anglo-Vaal Portland Cement 
Company, to be held on November 18th, resolutions are 
to be submitted sanctioning a merger of this company 
with the Atlas Cement Company, whose properties are in 
the Ventersburg district of the Orange Free State. If 
agreed to, the result will be an extension of the activities 
of the companies. To finance the acquisition the share 
capital of the Anglo-Vaal Company is to be increased to 
£1,000,000 by the creation of 2,000,000 new ordinary 
shares of 5s. each. In addition to Germiston’s £323,500 
sewerage scheme, the town of Brakpan has received the 
permission of the Administrator to raise a loan of £750,000 
for a similar scheme. The town of Krugersdorp intends 
to embark upon a scheme for extending and renewing 
the water reticulation mains within the next two years. 
The town of Springs is raising a loan of £525,000, a portion 
of which will be devoted to the completion of its main 
sewerage scheme and also to extending its electricity and 
water provision. 


The Vaal-Hartz Water Scheme. 


To the north of Kimberley excavating and 
building is being carried out on a scale South Africa has 
never seen before, and the quietude of the veldt has been 
broken by the rat-a-tat of jack hammers, clamour of 
cement mixers and crushers, the trundling of giant steam 
shovels, and the muffled thunder of dynamite. For a feat 
of engineering is proceeding which is more like the fashion- 
ing of a Suez Canal than an irrigation scheme. This is the 
Vaal-Hartz plan, now becoming a reality, and the greatest 
attempt to water the desert ever made in the Union. 
South Africa is cut up by mountains to such an extent 
that only in one place can over 50,000 morgen, about 
100,000 acres, of irrigable land be found, and that place 
is the dry Hartz Valley in the Cape Province. It is esti- 
mated that there will be room for 6000 settlers when the 
water comes down the largest cutting in Africa to reach 
the very frontier of the Kalahari Desert. Nearly 2000 
men are at work bringing into being an idea that was first 
suggested half a century ago. Surveyors were sent out 
in the eighties and engineers designed a scheme that was 
the forerunner of the gigantic development now under way. 
Cecil Rhodes himself observed the slope of the land between 
the Vaal and the Hartz rivers—a triangular area that 
cried out for moisture. The Cape Parliament discussed 
the idea again and again, but regretted that the financial 
condition of the Colony would not warrant the expenditure 
of money on the work. 

Now the work is well advanced. Within the next few 
weeks the waters of the Vaal will reach an experimental 
farm 25 miles from the huge “ pick-up” weir which has 











642 


THE ENGINEER 





Dec. 11, 19386 








been constructed at Warrenton, and all the crops, cattle 
feeds, and fruits that the soil of the Hartz Valley are 
capable of producing will be grown. The first stage in the 
scheme for converting the Vaal into a perennial stream is 
the storage unit near Vereeniging, soon to become the 
largest artificial sheet of water in Africa, larger even than 
Aswan. Johannesburg will draw water from the 
60 square miles of this lake ; indeed, it is believed that the 
dam will be completed only just in time to save the ever 
growing city from water shortage. The Vaal-Hartz dam 
scheme will be completed in about eighteen months, a 
considerable time ahead of the original estimate, and its 
opening will put 120,000 acres under water, turn the Vaal 
into a perennial stream, and create an inland sea 90 miles 
long. From the dam near Vereeniging the waters will be 
conducted in the bed of the river to the “ pick-up ” weir 
near Warrenton, 350 miles further down. Here the river 
has been blocked by half a mile of moulded concrete, 
wall equipped with modern scour and sluice gates, silt 
traps, and electrical controls. At this point the water will 
be taken from mid-stream, to avoid silt, the bugbear of 
irrigation. It will be led off along the main canals, about 
100 miles of concrete-lined waterways, through distributing 
canals 120 miles in length, and finally by a tertiary network 
of 500 miles of canals actually supplying the ground. The 
concrete lining of all these canals means that the water 
can run at higher speed with less evaporation and absorp- 
tion. No other irrigation scheme in South Africa has been 
concrete lined throughout. Cheaper cement and more 
efficient machinery have made this advance possible. 
Similarly, the improvement of drills and explosives has 
enabled the engineers to avoid deviations, but go right 
through hills. One of the tunnels, 4500ft. in length, will 
be the longest in South Africa. In the old days the engi- 
neers here would have been afraid to tackle a job like that. 
Most of the excavation work, including nearly all the first 
15 miles from the weir, has been through rock. The policy 
is to use machinery for this heavy task, while the final 
trimming is done by hand. Caterpillar tractors haul out 
the boulders. Cranes lift the concrete side walls into 
position. Altogether there will be 200,000 cubic yards of 
concrete lining used, as the canals take dips and cuttings 
in their stride, dive beneath the railway lines, and pene- 
trate the red Kalahare sand in long straight furrows. 
Night and day the work goes on, excavating machinery 
clattering and concrete grinding under the floodlights. 
Thus overhead costs are kept down. 


Railway Electrification in Natal. 


It is officially announced that the first electric 
train from Cato Ridge to the Durban area will be run to 
the Congella marshalling yard in a few days. There will 
be a skeleton goods service, which will be gradually 
increased as units become available. The first passenger 
train into Durban station, hauled by electrical units, will 
be run on December Ist, when the summer time table 
begins. The section of line between Marianhill and 
Cavendish was madejalive for the first time on October 
23rd, and on the following Sunday two experimental 
trains, each with 1000-ton loads, were run between Marian- 
hill and Booth. In the first half of next year the electrifi- 
cation of the Witwatersrand railway system is expected 
to be completed. With the work of extending the electri- 
fied Natal main line to Johannesburg being proceeded 
with it should not be long before electric trains are running 
from Durban to Johannesburg. 


New Coal Mines for Natal. 


The biggest developments in coal mining in 
Northern Natal for many years are now afoot, and it is 
stated that there is every prospect.of at least two large 
coal mines being opened up within a few miles of New- 
castle. It is stated that on the farms Greenwich and 
Eaglescliff, both situated very near Newcastle, options 
have been secured by one of the largest mining groups, 
and at Greenwich, which is about 4 miles south of New- 
castle on the main road, it is expected that drilling will 
commence within the next few weeks. The area of 
Greenwich is approximately 2000 acres. Eaglescliff is 
situated a few miles from that proposition and lies about 
7 miles south-west of Newcastle along the Mossdale road. 
This also is about 2000 acres in extent, and it is stated that 
the preliminary prospecting discovered a 3ft. 6in. seam of 
coal, which runs right into the hillside. Here drilling will 
probably be undertaken very shortly to locate and test 
the bottom seam. Further developments are eagerly 
awaited locally, especially in view of a recent discovery of 
gold a few miles to the south of Newcastle, about which 
no details are yet available. It is understood, however, 
that developments are proceeding satisfactorily. 


Natal Manganese. 


A Rand mining concern is interested, it is under- 
stood, in a highly concentrated manganese deposit in 
the Krauskop district of Natal. The exact spot is in the 
Tugela native location on the banks of the Tugela River. 
Ore which extends over 2000 acres has been found on 
both the Zululand and Natal sides of the river. The 
presence of the ore has been known for many years, 
and a company to exploit the deposit was floated, but 
went out of existence shortly after the Great War. On 
the Zululand side traces of Zulu activities have been 
revealed, and along the banks there are heaps of slag and 
several primitive smelting sites. 

A geological representative of the Rand concern has 
been making site investigations recently. In an inter- 
view he declared that it was not unlikely that the deposit 
was exceedingly rich and that the surface deposit alone 
approximated to 10,000,000 tons. As far as his knowledge 
went the deposit would constitute the nearest in Africa 
to the coast, being only a few miles from the North Coast 
railway line and 176 miles from Durban. It would be 
approximately 250 miles nearer to the Iscor works at 
Pretoria than the Postmasburg workings. There are 
many outcrops of considerable extent on the deposit. 


Cape Town’s Huge Oil Stocks. 


Table Bay harbour’s bulk petrol and paraffin 
storage facilities will be substantially increased soon by 
the addition of two new petrol tanks and one paraffin 





tank, as the result of the Union Petrol Corporation’s 
decision to establish its main distributing depét in the 
docks area. The depét will be brought into commission 
in the middle of February, when the first tanker to 
bring bulk petrol and paraffin from Rumania to South 
Africa will arrive to discharge her load into the tanks. 
The two petrol tanks will have a combined capacity of 
about 5250 tons, and the paraffin tank will hold 743 tons. 
When they are in commission the port’s bulk storage 
capacity for petrol will be 45,550 tons in fifteen tanks, 
and for paraffin 15,580 tons in nine tanks. A 10,000-ton 
tank for another firm is under construction, and when it 
is completed about the end of the year the port will 
have storage capacity for 38,500 tons of fuel oil. Thus 
the total storage capacity for all oils at the port will be only 
a few tons under 100,000 tons, stored in thirty tanks. 
The smallest tank being constructed for the Union Petrol 
Corporation is nearly completed, and is 30ft. diameter 
and 48ft. high, with a capacity of 212,000 gallons of 
paraffin. The smaller of the two petrol tanks will be 
48ft. high with a diameter of 55ft. Its capacity will be 
1584 tons (500,000 gallons). The third and largest tank 
will be 70ft. im diameter, 48ft. high, and will have a 
capacity of 3665 tons (1,154,538 gallons). All three tanks 
are being electrically welded; all the others in the 
‘“* quarry ” (originally excavated for a dock) are riveted. 
The paraffin tank has a fixed or domed roof, but the petrol 
tanks, owing to the high rate of evaporation of the liquid, 
require floating or pontoon roofs. An unusual method of 
construction is being followed with these tanks. The 
floating roofs were built as soon as the first ring of each 
tank had been welded in place. Water was then pumped 
in to float the roof, and it is used as a platform by the 
men working inside the tank. As the sides of the tank 
go higher up more water is pumped into the tank to raise 
the pontoon to the required height. This method, besides 
obviating the use of scaffolding inside the tank, which 
is dangerous at all times, is more convenient and quicker. 
The laying of the pipe line from the petrol berth in the 
dock to the tanks will take a considerable time. The 
length of piping required is 5600ft., and the pipe will have 
a bore of 10in. 


Rails from Nova Scotia. 


Two full shipments of rails for the Railway 
Administration are to be brought to South Africa shortly 
from Nova Scotia. This is believed to be the largest 
order so far placed for rails in Nova Scotia by the Union 
Government. 


Scrap Iron for the Union. 


The biggest shipment of scrap iron ever landed 
in a South African port has just been discharged at 
Durban, 8500 tons of old railway ties from Bombay having 
been landed from the British freighter ‘“‘ St. Dunstan.” 
The shipment has been purchased by a local firm of 
engineers, who will sell the iron—all cast iron scrap— 
to small foundries as required. It is stated that none of 
the iron will be used at the Pretoria Steel Works, as only 
steel is handled there. 


A Heavy Conveyor Belt. 


Two thousand two hundred feet of heavy- 
weight belting—the heaviest yet manufactured in the 
Union—weighing over 17 tons, is now being placed into 
the Belt Company’s coal! loader at the Bluff (Durban). 
This is the third belt since the plant was erected in 1918, 
and each in the past has lasted ten years. It is estimated 
that during the life of the last belt over 6,000,000 tons 
have been conveyed from shore to ships’ holds and 
bunkers. The loading capacity of the belt loader is in 
the vicinity of 600 tons an hour, and the bulk of shipping 
calling for bunkers are loaded by this plant. The belt 
was made in Durban by the Dunlop Rubber Company, 
South Africa. 








A New Design of Grab Crane. 





In the normal design of single-cable grab crane the 
bucket is suspended from the jib by means of the lifting 
cable. Only when the grab is about to open does it 
become engaged by the opening ring and cease to hang 
on the cable. This transfer of the load from the cable 
to the jib is made use of in a new design of grab crane 
which; according to our contemporary, Le Genie Civil, 
has recently been introduced in France, to provide a 
simple means of traversing the grab a short distance 
away from its loading position before discharging. The 
device has been used by the Ponts and Chaussées depart- 
ment of the French Government for excavation work and 
its mode of operation is as shown in the drawing. The crane 
is mounted on a pneumatic-tired chassis A, capable of 
being towed by a lorry at normal speeds on the roads and 
having wheels which allow the machine to move normally 
or turn at right angles when required. A jib B is used 
and its design is simplified by having no traversing gear. 
On the jib the pulley C carries the ordinary lifting cable 
D, whilst an oscillating arm E on a spindle F is supported 
by the arms Gand H. This arm has a pulley J at one 
end through which the cable is passed and the grab 
attachment ring K at the same end. At the other end is 
a counterweight M, which, when the weight of the grab 
L is acting on the cable, keeps the arm E horizontal. 
A normal single-drum winch N is mounted on the chassis, 
and any ring-opening type of grab may be used. 

The operation of the crane is normal until the grab 
has been raised to the level of the ring K and there 
engaged. When the cable is slacked off, however, the 
grab, instead of opening, swings the oscillating arm E 
down into a vertical position, shown dotted in the drawing. 
Only when the ring K can get no lower is the upward 
pull sufficient to open the grab, which discharges at a point 
in front of the charging point, at a distance about equal 
to the length F K of the arm E. The return to normal 
is automatic, as tension on the working cable causes the 
load to be taken off the arm E, which returns to the 
horizontal position. Only then does the grab become 





freed from the ring. Having only the elevating cable to 
look after, the driver can go through a cycle of operations 
easily and rapidly. The speed of each movement is 
controlled by the winch speed, and it is claimed that the 
grab can be closed before it has discharged fully. 

One of these machines, which are manufactured by thé 
Société Frangaise de Construction de Bennes Atito- 
matiques Benoto, of Le Havre Graville, is fitted with a 
hemispherical bucket weighing 360 kilos., and having 
a capacity of 400 litres. A pull on the cable of 1200 kilos. 
is provided by a winch driven by a 7 H.P. oil engine, 
which gives a working speed of 2 to 3 cycles per minute. 
The weight of the whole machine is about 2200 kilos. 
in working order, and in sandy soil it is claimed that a 
hole 14m. in diameter and 2 m. to 3m. deep can be dug 
in ten minutes. 

The oscillating arm system can be used on a number 
of different machines. The Ponts and Chaussées depart- 
ment has used it on a barge for dredging ;work in connec- 
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tion with the construction of a quay at Cherbourg. A 
drilling type of grab was used weighing about 1200 kilos. 
and’ fitted with “ tail-fins,’ which maintained it in a 
vertical position in the water. By this means the dredger 
was worked over extremely sloping parts of the harbour, 
and rocks as well as mud were removed. 








LAUNCHES AND TRIAL TRIPS. 


Recent Lion, motorship; built by Swan, Hunter and 
Wigham Richardson, Ltd.; to the order of C. T. Bowring and 
Co., Ltd.; dimensions, length 485ft., breadth 66}ft., depth 
35ft., deadweight 14,250 tons. Engines, ten-cylinder, single- 
acting, four-stroke ; constructed by J. G. Kincaid and Co., 
Ltd. Launch, December Ist. 


OAKDENE, steamship; built by Wm. Gray and Co., Ltd.; 
to the order of Oakdene Shipping Company, Ltd.; dimen- 
sions, length 396ft. 5in., breadth 53ft. 2in., depth 36ft. 10in. 
Engines, triple-expansion, 2lin., 33}in. and 58in. diameter by 
42in. stroke, pressure 200 lb. per square inch ; constructed by 
Central Marine Engine Works. Trial trip, December 2nd. 











CONTRACTS AND ORDERS. 


The Editor is always happy to print short announcements of 
contracts and orders in this column provided they are sent to him 
in time to have news value and that they are likely to interest readers. 








RANSOMES AND Raprer, Ltd., have received an order from 
MacDonald Gibbs and Co. (Engineers), Ltd., for eight size 21R 
and two size 14R Rapier concrete mixers for work on the Delta 
Barrage, Egypt. All the mixers will be electrically driven and 
will be mounted on 4ft. 8}in. gauge rail wheels. 


R. WHITE AND Sons, Widnes, Lancs., have received from the 
Bolsover Colliery Company, Ltd., Clipstone Colliery, near Mans- 
field, a contract for a ropeway, 3070ft. long, with a capacity of 
80 tons per hour of colliery refuse. Among other orders which 
have also recently been received by Messrs. White is one from 
1.C.I. (General Chemicals), Ltd., Widnes, for a ropeway, 3290ft. 
long, with a capacity of 80 tons per hour of iron pyrites. 


Tue Eneutsnx Evrecrric Company, Ltd., has received from 
Richard Thomas and Co., Ltd., a contract for electrical drives 
for rolling mills, The plant will be used for the mill for sheet 
and tin-plate manufacture which Messrs. Thomas are installing 
at Ebbw Vale to the design of the United Engineering and 
Foundry Company of Pittsburgh, U.S.A. The total equip- 
ment aggregates 54,000 H.P. of machines with a capacity equal 
to 130,000 H.P. peak load rating. 


THe Drewry Car Compsny, Ltd., has received an order 
from the Buenos Aires Great Southern and Buenos Aires 
Western Railways for ninety-nine oil-engined rail coaches. 
The order comprises four different body arrangements, but the 
underframes, power bogies, and trailing bogies will be inter- 
changeable throughout. The units will be fitted with 102 H.P. 
Gardner oil engines, with hydraulic couplings in conjunction 
with Wilson-Drewry four-speed epicyclic transmission. The 
average fully laden weight will be approximately 21 tons, and 
the vehicles will be capable of a maximum speed of 50 m.p.h. 
on straight’ level track. The coaches will be manufactured 
throughout in the Dick Kerr works of the English Electric 
Company, Ltd. 








PERSONAL AND BUSINESS ANNOUNCEMENTS. 


Tue NormanpD Etectricat Company, Ltd., is removing to 
new and larger works. The company’s address after December 
25th will be Neco Works, North-street, Clapham Common, 
London, 8.W.4. 











Tue ANcHORITES.—During the past six months the Committee 
of the Anchorites has been going very closely into the question 
of a future headquarters for the Club, which can no longer be 
accommodated at Prince’s. Every effort has been made to 
find a suitable rendezvous, centrally situated, with accommoda- 
tion for the Club pictures and other property, and arrangements 
have now been made to meet in future at Oddenino’s. The 
first meeting in the new quarters was held on Tuesday, December 
8th, when Mr. W. J. Gick, the retiring President, spoke of his 
experiences with the Grand Fleet, 
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Markets, Notes and News. 


The prices quoted herein relate to bulk quantities. 
f.o.b. steamer. 


The Shortage of Steel. 


The most interesting development in the market 
has been the release of the Continental steel quota for 
Great Britain and the advance in the Continental steel 
export prices. The release which has only just been made 
was expected to take place in the first few days of October, 
one of the reasons for the delay being that the Belgian 
re-rollers had shipped considerable quantities of steel to 
this country before the “‘ double-decker ”’ tariff scheme of 
duties came into force on November 4th. Although the 
re-rollers are not members of the Continental Steel Cartel, 
the British steel makers required that this steel should be 
counted in the Continental quota and negotiations had to 
be undertaken between the Belgian steel makers and the 
Belgian re-rollers as to the respective share of each in the 
British market. This point appears to have been settled, 
but in the meantime British consumers have been hard 
pressed for supplies of steel. Export business in particular 
has been at a low ebb as a result of the heavy requirements 
of home consumers. It is understood that the Continental 
steel now coming on the market will be sold at similar 
prices to those applying to the previous releases, and that 
certain additions which have been made to the freights 
will be borne by the Continental steel makers. Very little 
of this material has reached the British market, and it 
may be slow in arriving, as it is understood that difficulty 
is being experienced in obtaining the necessary freight. 
Although some increases in Continental export prices were 
expected, the extent of the advances when they became 
generally known surprised the market. Increases of from 
10s. to 15s. and even more for some overseas destinations 
were made. The following export quotations now rule :— 
Shanghai: bars, £6 8s.; plates (fin. basis), £8 4s. 6d.; 
Bombay and Calcutta: bars and joists, £5 19s.; plates, 
£8 19s.; Cape Town: plates, £9 16s.; Durban, £9 19s. 6d. 
In spite of the increase in quotations, however, business 
has been on a restricted scale since the Continental 
works, which have booked a considerable tonnage of 
orders, both in Great Britain and overseas markets, are not 
in a position to quote for near delivery. On the other hand, 
they are not working at capacity, as they have to observe 
the regulations of the European Steel Cartel with regard 
to outputs. This means that in some cases works may be 
idle for one or more days per week. 


The Pig Iron Market. 


The increase in the prices of foundry iron has 
not so far been followed by an advance in hematite and 
basic iron, although it is understood that the producers of 
the former quality have applied for permission to raise their 
quotations by 10s. per ton. Little business has been 
transacted in hematite, however, as the makers have not 
much to sell, and although consumers would be willing to 
buy few of them care to pay the premium of 10s. which is 
now being asked unless they are in urgent need of the 
material. The quotations for foundry iron, which were 
raised 6s. per ton to home consumers and 9s. on English 
iron for Scottish consumers, has readjusted the prices in 
favour of English users. For some time past the price 
of Cleveland iron in Scotland has been about the same as 
that charged to local firms, but the latter will now have to 
pay an extra 3s. per ton, which, it is understood, will cover 
the freight charges. Naturally, this change has been 
received by consumers on the North-East Coast with 
satisfaction, but the Scottish light castings industry is 
somewhat upset by the readjustment, as normally it 
uses a considerable tonnage of Cleveland iron. It is 
believed that an undertaking has been given that present 
rates will remain in operation until the end of next June. 
Some consumers on the North-East Coast also have been 
assured that adequate supplies will be available next 
year. So far as conditions in the market are concerned, 
there is no alteration and deliveries are as difficult to 
obtain as heretofore. This also applies to Midland brands, 
and although most consumers have covered their require- 
ments up till March and in some cases until the end of June 
at a premium deliveries are by no means satisfactory. At 
the moment some Northamptonshire makers are willing 
to quote for delivery until the end of June, but the Derby- 
shire producers in a few cases are prepared to accept orders 
for a month or two further ahead. Consumers, however, 
are not easy in their minds with regard to future supplies 
of Northamptonshire iron, and in some instances have 
entered into supplementary contracts for Derbyshire 
makes. In Lancashire most of the consuming industries 
appear to be fairly well covered, and since the advance in 
prices there has been little buying. In the Scottish market 
considerable pressure has been exercised by the producers 
to sell forward, but most of the makers seem to have ear- 
marked their production for some time. The demand for 
hematite all over the country is on a considerable scale 
and fears of a shortage of this description are freely 
expressed. 


The North-East Coast and Yorkshire. 


The steel makers on the North East Coast are 
struggling to maintain their deliveries, but under the 
pressure of work in hand are accumulating arrears. In 
these circumstances their attitude towards new business 
is, to say the least, conservative, and there is a tendency 
for them to ask exceptionally long periods for the execution 
of fresh orders. Most steel works are sold for many 
weeks ahead, and since the plants have been running to 
capacity for some time it is impossible for production to 
be further increased. Consumers, of course, have seen 
this position developing for several months past and most 
of them have arranged contracts for joists, sections, plates, 
and other descriptions of structural material for periods 
varying from six to nine months. Complaints, however, 
are general of the difficulty of securing delivery on time, 
and the constructional engineers say that work has been 


Some uncertainty exists with regard to the prices of joists 
and sections, as although not long ago it was believed that 
values had been stabilised until the end of the month, 
rumours are now current that quotations may be raised 
at the end of the year, if not before, and in this connection 
some importance is attached to a meeting of the heavy 
steel makers which will take place this month. Overseas 
business in this class of material is suffering owing to the 
difficulty of meeting even the home demand, and export 
merchants complain that orders are being turned down 
and that delays in fulfilling existing contracts are becoming 
serious. The demand for sheets on home account, which 
has been on a good scale for a long time, has developed 
fresh strength and it is difficult to place orders for fin. for 
reasonable delivery. The home demand is absorbing a 
large proportion of the output, and so far as can be judged 
consumers’ requirements are not likely to relax for many 
weeks. The re-rollers are equally well provided with 
work, but their position is difficult by reason of the uncer- 
tainty with regard to supplies of billets. The British 
producing works are operating at capacity, but cannot fill 
the demand and some doubt now exists as to whether 
Continental supplies will be forthcoming in sufficient 
quantity to meet all requirements. The situation in the 
Yorkshire steel market has the same characteristics as in 
other districts in the country. In Sheffield the demand for 
special quality steel seems to be growing, if anything, and 
most of the makers are assured of busy conditions for 
weeks to come. In the basic steel department production 
falls short of the demand and there is an increasing 
request for acid carbon billets. Business in stainless steel 
is on a particularly heavy scale. Complaints have been 
heard from the re-rollers in this district that the makers of 
billets require seven or eight weeks for delivery. It is 
also said that the supplies of material which have been 
received from the Continent are not of the quality 
required for the Sheffield trade, and it is suggested that 
they should be sent to other districts and British-made 
material allocated to the Sheffield works. 


Scotland and the North. 


Pressure upon the steel works in Scotland has 
become intensified owing to fresh quantities of steel being 
required for the vessels recently ordered +from Clyde 
shipbuilders. The production in all departments is main- 
tained at the highest possible level, but, even so, the works 
are unable to keep pace with the expanding demand. It 
seems to be expected in Scotland that the needs of the 
market are not likely to diminish much over the next two 
years at least, and this is borne out by the extensive 
forward contracts held by the works. Consumers under 
existing conditions of searcity naturally seek to cover their 
requirements as far forward as possible, and in many cases 
they have arranged for deliveries over the greater part of 
1937. The demand for joists, sections and plates from the 
constructional engineers and from the shipyards is on an 
extremely heavy scale and deliveries have fallen into 
arrears. The shipyards are expecting further orders to 
be placed shortly so that no relaxation in the demand for 
this class of steel seems likely. The constructional engi- 
neers also have a number of important jobs in hand, and 
several in prospect. In fact, the amount of steel which is 
required for new works, additions to existing factories, 
and in the erection of aeroplane sheds reaches a very high 
tonnage. The marine engineers in Scotland are well 
supplied with orders, and will, of course, share in any 
accession of work provided by new shipbuilding contracts. 
It is difficult to place orders for plates for reasonable 
delivery, and lately a large tonnage has gone to the firms 
making tanks. It is not without interest that the Govern- 
ment have just placed an order with one firm for forty- 
four tanks. The bar iron manufacturers are not so busy 
as other departments of the industry, but conditions are 
improving and more material is being turned out than for 
a long time past. The re-rollers, who have heavy quan- 
tities of work in hand, would be in a very satisfactory 
position if they were assured of supplies of raw material. 
In the Lancashire district the chief problem confronting 
the steel makers is the question of deliveries against 
contracts. The works are in arrears, and in some cases 
are disinclined to accept new business until they have 
been able to improve their position in this respect. There 
is a good demand for special irons and business in bright 
drawn steel has been on a heavy scale. A good request 
for sheets has been received from the drum makers, whilst 
the motor car trades are still taking satisfactory quan- 
tities. 


Current Business. 


Hurst, Nelson and Co., Ltd., Motherwell, have 
received an order for 250 wagons of the bolster type for 
use in the steel-carrying trade from the London and 
North-Eastern Railway Company. Reports are current 
that negotiations are in progress for the taking over by a 
new company of the shipyard at Bill Quay, Pelaw, Co. 
Durham, belonging to Wood, Skinner and Co., Ltd., 
which has been idle for several years. The British Oxygen 
Company, Ltd., is reviving its plans for the development 
of a hydro-electric scheme at Inverness-shire, and for 
the erection of a carbide factory near Fort William. 
Andrew Weir and Co., Ltd., have ordered three 9000-ton 
cargo motor ships from William Doxford and Sons, Ltd., 
each of which will be fitted with four-cylinder Doxford 
Diesel engines. A new company called Ritsons Burnhope 
Collieries, Ltd., has acquired the interests of U. A. Ritson 
and Sons, Ltd., and the Burnhope Colliery, and the adjoin- 
ing freehold properties and land. Additions and altera- 
tions are to be carried out by Redpath, Brown and Co., 
Ltd., at their St. Andrew’s Steel Works, Albion-road, 
Edinburgh. The Butro Jig and Engineering Company, 
Ltd., has taken temporary premises at Ablow-street, 
Wolverhampton, for the production of jigs, dies, and pre- 


Unless otherwise specified home trade quotations are delivered f.o.t. 
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Export quotations are 


pany will take over premises in Pool-street, Wolver- 
hampton. The Department of Overseas Trade announces 
that the following contracts are open for tender :—South 
African Railways and Harbours Administration: Black 
bolts and nuts, rivets, coach screws, &c. (Johannesburg, 
December 28th, 3 p.m.); mild steel angles, channels, 
plates, flat, square, round steel bars, and tee bars for 
Sanction Schedule 359; mild steel angles, plates, flat, 
round and square steel, and special sections, for Sanction 
Schedules 331 and 343 (Johannesburg, January 4th, 
1937). New Zealand, Post and Telegraph Department : 
100 miles of copper wire 1/0-036in. twisted pair, vulcanised 
india-rubber insulated and braided (Wellington, January 
20th); 20 tons of galvanised line wire, low carbon steel, 
150 Ib. per mile, 5 tons of galvanising binding and jointing 
wire, low carbon steel to specification No. 343 (Wellington, 
January 13th, 1937); 200 miles of cadmium copper wire, 
70 1b. per mile, insulated, P.B.J. to British Post Office 
specification No. 303 D (Wellington, January 12th, 1937). 
New South Wales, Water Conservation and Irrigation 
Commission : Supply, delivery, and erection of two drag- 
line excavators (bucket capacity, 3 cubic yards each), for 
the Mulwala Canal (Sydney, N.S.W., January 18th, 1937). 





Copper and Tin. 


The consumption of electrolytic copper remains 
at a high level, but buying has been on a distinctly quieter 
scale. This, however, was only to be expected, owing to 
the heavy transactions which took place a few weeks ago. 
To a certain extent copper, like other commodities, has 
been adversely influenced by the constitutional crisis, 
and probably once this is settled active conditions will 
again develop. Prices have not receded much, but the 
general tone of the market has shown a lack of confidence. 
French buyers have taken a certain amount of interest, 
but buying by Italy and Germany has been on the quiet 
side, and consumers in this country have not bought on 
the same scale as of late. The general view of the market 
seems to be that prices are not likely to advance to any 
important extent during the remainder of this year. The 
position is intrinsically sound, and although as a result of 
the recent increases in production, it is now probable 
that output is slightly in excess of consumption, the 
situation is well under control by the producers. Business 
in the standard market has been much less active this 
week than for some time, and this also is attributed to the 
constitutional crisis. A considerable bull account is open 
in this market, and probably has a steadying influence, 
since support has been forthcoming when prices showed 
signs of weakness. There is, of course, always a danger 
that on occasions like the present bear selling will be 
indulged in, but so far as can be seen speculative opera- 
tions in this direction have been very limited.... An 
easier tendency was also noticeable this week in the tin 
market, but price movements were comparatively narrow. 
The unfavourable statistics published at the end of last 
month are still influencing the market, the more so as it 
is expected that the figures at the end of December 
will disclose another increase in the visible supply. Mr. 
W. H. Gartsen’s figures for November showed a rise of 
4947 tons to 18,264 tons. The carry-over in the Straits 
fell to 2939 tons, and at the Arnhem smelter to 934 tons, 
compared with 3688 tons and 960 tons respectively at the 
end of October. The supplies in October totalled 13,730 
tons, compared with 9078 tons in the previous month, 
whilst the deliveries were 8793 tons in November, against 
8414 in October. A meeting of the International Tin 
Committee has been arranged for December 11th, at which 
an announcement regarding the new restriction arrange- 
ments is expected to be made. 


Lead and Spelter. 


Although the activity in the lead market died 
down considerably during the days of the constitutional 
crisis, the tone of the market remained firm, and prices 
showed comparatively little change. Even before the 
crisis there was a tendency in this market for buying to 
decline somewhat, and realisation by speculators also 
made itself felt. The consumptive demand, however, has 
probably remained unaffected by any extraneous. influ- 
ences. It is still difficult to obtain prompt metal and 
arrivals of Mexican lead have been readily taken up by 
consumers. For the time being Empire supplies appa- 
rently are not sufficient to meet the requirements of the 
market, and in some quarters it is estimated that the 
deficiency is as much as 4000 tons per month. Some 
users regard the future with apprehension, since there 
appears to be no likelihood of a relaxation in the demand 
for manufactured products, whilst the production of the 
raw metal seems to be well below even the present needs 
of the market. No doubt in time the attractive prices 
offered for the metal will stimulate production, but it 
seems possible that unless there is some decline in the 
volume of the demand there may be a period in which 
supplies will become increasingly short. The somewhat 
rapid increase in the lead requirements of Continental 
countries is a noticeable feature of the situation, and 
naturally tends to accentuate the stringency. . . . Although 
there was little movement in spelter prices during last 
week, the tone of the market was distinctly uncertain. 
The quietness which developed in other sections of the 
non-ferrous metal markets naturally had an adverse 
influence upon spelter, and realisations by speculators did 
not help the position. On the whole, however, prices 
stood up well against these depressing influences. In this 
market production is well above the requirements of the 
consuming industries, although it is probable that good 
quantities are being used, and the view is held that until 
some restriction of output is undertaken by the producing 
industry unsatisfactory conditions will rule. A fair 
amount of Belgian spelter has arrived of late, most of 
which has gone into bonded warehouse, and this has 








held up owing to the delay in the arrival of steel materials. 


cision engineering products. Early next year the com- 


helped to maintain the contango rate. 
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Current Prices for Metals and Fuels. 





British Steelmakers: joists, 22s. 6d.; plates and sections, 15s. *For Markets other than India, 
t South Africa 5s. and Foreign Markets 2s. 6d. higher. 
PIG IRON. STEEL (continued). 
Home. Export. Home. Export. 
: (D/d Teesside Area) Giascow anp District— 2s." d. Sele 
N.E. Coast : £s.d £s.d AYpten © OPES AF SOE Se tg *8 0 0 
Hematite Mixed Nos.* 465 0 314 6 to ee Sen oe *9 0 0 
No. 1 a > 6 315 0 RRR i od-cciniaihs ca acne oe *8 0 0 
Cleveland— (Dd Teesside Area) AE eRe he *s 5 0 
No. l oH ls & 3.6% Rounds, 3in.andup .. 10 0 0 *9 0 0 
No. 3 G.M.B... SS Gores; oo) Ae Rin se. behest. Sui Bane 
No. 4 Forge ear 2S. Flats, bin.andunder .. 9 7 O e 26 
Basic (Less 5/— rebate)... 315 0 .. Plates, jin. (basis) .. 9 7 6 78 5 O 
MIDLANDS— SR ks dat ds 78 10 O 
Staffs. (Delivered to Black Country Staiton) - BRS Kies Sin eS 7815 O 
North Staffs. Foundry Ry OL. - fein. . jd shiv d8 79 O 0 
” » Forge tf 1 0 Un. # to fin. bit. .. 915 0 910 0 
Basic (Less 5 '— rebate) 315 0 Boiler Plates, fin... .. 917 6 817 6 
Northampton— SoutH Wates AREA = ed. he 
Foundry No. 3 Scie ee PE ne eee SPS *8 0 0 
Forge ‘ 318 6 Teeth deh lan ee oO OL *9 0 0 
Derbyshire- Joists os ‘ F . BSoties *8 0 O 
No. 3 Foundry 4 6 0 Channels.. .. . ot Pe *8 5 0 
Forge 410 Rounds, 3in. and up a 6° R. *9 0 0 
ScoTLanp— oo under 3in. ‘ os @ 8 2 6 
Hematite, f.o.t.furnaces* 4 5 6 Flats, din. and under .. 9 7 O 4.3 v& 
No. 1 Foundry, ditto 410 6.. Plates, jin. (basis)... .. 910 0 8 5 O 
No. 3 Foundry, ditto 48 0 ~ een sae 915 0 8 10 O 
Basic, d/d (Less 5/— rebate) 315 0 .. - fin. .. . 10 0 0 4815 O 
N.W. Coast-— | 4 5 6d/d Glasgow » ine... 10 5 0 1s 0 0 
Hematite Mixed Nos.*../ 4 11 0 ,, Sheffield Un. f to fin.incl, .. 10 0 0. 910 0 
| 417 0O Birmingham IRELAND—F.0O.Q. BELFAST. Rest oF IRELAND. 
* Less 5/— rebate. ®: 0d. £ os. d. 
Angles .. .. : 9 5 °@. Fe 
MANUFACTURED IRON. Ge cs « 10 5 0 10 7 6 
Home. Export. Joists... , : OF 4 915 0 
LANCS. AND YORKS. £ 5s. d. fs. ai Channels... .. . oo fe 912 6 
Crown Bars 1010 O.. 10 0 0 Rounds,sin.andup .. 10 5 0 10 7 6 
Best Bars eS 8". 10 12 6 to under 3in. 5 oh BLO 8 5 0 
MipLaNps— Plates, in. (basis) 912 6 79 15 0 
Crown Bars sof DRO? Oi. - 10 0 0 » Yin... .. .. 917 6 110 0 0 
Marked Bars (Staffs. ) i 0) 6. 1210 0 ” tin... -.. -. 10 2 6 710 5 0 
No. 3 quality oF Ss - fein. . ee | ORY, +10 10 O 
No. 4 quality 917 6. G5 Un. ¥ to in. i incl » WA 4 B.36 10 5 0 
ScoTLanp— OTHER STEEL MATERIALS. 
Crown Bars .. 10 10 0 10 0 0 Home. Export 
Best. - ll Oo 10 12 6 Sheets. £s. d. £ «s 4. 
N.E. Coast— 14-G. to 20-G., dd oe i) ae oe 10 10 0 
Common Bars 10 10 O.. 10 0 0 21-G. to 24-G., d/d wEBie® Bras 10 5 O 
Best Bars a ue 8. 10 12 6 25-G. to 27-G., d/d iwe8@ 22 of: bw 11 10 O 
Double Best Bars um .30 6... 1110 0 South Africa, 24-G. Basis £10 is. Od. 
NorTHERN IRELAND AND FREE STATE— The above home trade sheet prices are for 4-ton lots and overs 
Crown Bars f.0.q. .. 9 87 6 .. bes 2-ton to 4-ton lots, 10s. per ton extra; and under 2-ton lots; 
- 30s. per ton extra. 
STEEL. Galvanised Corrugated Sheets, Basis 24-G. 
Home. Export. Home. £ s. d. 
LONDON AND THE SouTH— €£ s. d. £s. d. 4-tonlotsandup.. .. 14 0 0 
Angles ie oe *8 0 0 2-ton to 4-ton lots 14 7 6 
Wages. s. “ct : .10 2 6 *9 0 0 Under 2 tons Sar Se 
Joists a ' > to ee FF >. *8 0 0 Export: India, £12 15s. to £13 2s. 6d. c.i.f. ; South Africa, 
Channels.. .. .. -) Bae. *8 5 0 £12 10s. f.o.b., plus 3 p.c. invoice value ; Australia and 
Rounds, 3in.andup .. 10 2 6. *9 0 0 Rhodesia, £12 17s. 6d. f.o.b.; Irish Free State, 
under 3in. cio I Gad. 8 2 € £14 Os. f.o.q.; General, £12 15s. f.o.b. 
Flats el Ps 99 6. 8 2 6 Tin-plates. 
Plates, jin. (basis) 912 6. 8 5 0 20 by 14 basis, f.o.b. Bristol Channel Ports, 18s. 9d. 
“* fgin. . a oe 78 10 O Tin-plate Bars, d/d Welsh Works, £6 Os. 0d. 
fin. . 10 26. 78 15 O | Billets. £. ..d. 
| are are 107 6. 79 0 0 Basic (0-33% to 0-41% C.) mn % ot Ee 
Un. # to fin. incl. 19° @ Os 910 0 » Medium (0- 42% 6 a Ae Rial GF ae 
Boiler Plates, #in. Io 2° Ss. 817 6 » Hard (0-61% to 0-85 : .8 5 0 
NortH-East Coast— £ s. d. £ s.. d. 1» (0°86% to 0- 99% C. - 815 0 
Angles 90 0.. *8 0 0 (1% C. and up) os jh <0 
Foes. . 200 »<« "9 0 0 Soft (up to 0-25% C.), 500 tons andup .. 6 2 6 
Joists oo 6 *8 0 0 Rails, Heavy, 500-ton lots, f.o.t. ;  B8A0::@ 
Channels. . 950. *8 5° 0 » Light, fot... tela 
Rounds, 3in. —_ up 10 7 - *9 0 0 FERRO ALLOYS. 
as under 3in. a Ww 8 2 6 
Plates, jin. (basis) 976. A EE Race phreniinen pa a 
apie Ferro Tungsten 3/- per lb. 
_erdha oa . . se ape Per Ton. Per Unit. 
hin. .. ie a ae 78 15 O : ra 
‘ Ferro Chrome, 4p.c.to 6p.c.carbon £21 10 0 7/- 
fein. . wee . 9 0 0 ° pas 
Un. $ to fin. inal 915 0. 910 0 E - Speeetes. ve aepedied ay 
Boiler Plates, din... O.t7 6. 817 6 ‘i: ¥e aaa ane, wet 8.9 sail 
: y Specially Refined .. 
MIDLANDS, AND LEEDS aND DistRicT— ; 4g Max. 2 p.c. carbon £33 10 0 11/- 
£ os. d. £s. d. he a »  lp.c. carbon £36 5 0 ll/- 
Angles 9 0 0 *8 0 0 os Bi » 9:50 p.c. carbon £37 5 0 12/- 
Tees. . 10 0 0 a, re » carbon-free 9} per Ib. 
Joists a a eM, Metallic Chromium 2/5 per Ib. 
Channels. . 9 5 0 *8 5 0 | Ferro Manganese (loose), 76p pc. £11 15 0 home 
Rounds, 3in. and up 10 0 0 Se, Ri » Silicon, 45 p.c. to 50 p.c. £1115 Otof£l2 5 0 
ib under 3in. «74 8 2 6 scale 5/— p.u. 
Flats, 5in. and under 9 7 0 8 2 6 . ; 75 p.c. £16 17 6to£l7 7 6 
Plates, in. (basis) 910 0 ‘8 5 O seale 6/- p.u. 
— | ee 915 0. 8 10 O » Vanadium 12/8 per Ib. 
ee fin. .. ©» 0°06. 7815 O » Molybdenum. . ; 4/6 per lb. 
a) as. xs ; 0. 5.0 .. 79 10 O » Titanium (carbon free) 9d. per Ib. 
Un. ¥ to din. incl. 915 0. 9 0 O | Nickel ( per ton) £200 to £205 
Boiler Plates, jin. 10 00. 8 17 6 | Cobalt 7/- to 7/1 per lb. 








per ton must 


NON-FERROUS METALS. 


(Official Prices, December 9th). 


COPPER 
Cash .. £44 7 
Three months .. ‘£44 13 
Electrolytic £48 15 
Best Seievted Ingots, d/d Bir- 
mingham £49 
Sheets, Hot Rolled £77 
Home. 
Tubes, Solid Drawn (basis) . . L1lZd. 
»  Brazed (basis) 11}d. 
Brass 
Ingots, 70/30, d/d Birmingham £34 
Home. 
Tubes, Solid Drawn, 2/1 Alloy 104d. 
4 Brazed. . 124d. 
TIN 
Cash .. £231 10 
Three Months .. . £231 10 
EeaDe css , slg ov . £4 1 
£17 


SPELTER (Cash ¢ and forward) : 


Aluminium Ingots (British) . . 


FUELS. 
SCOTLAND. 
LANARKSHIRE— 
(f.0.b. Grangemouth)—Navigation Unscreened 
Hamilton Ell 
Splints 
AYRSHIRE-— 


(f.0.b. Ports)—Steam 


FIresHIRE— 

(f.0.b. Methil or Burntisland)— 
Prime Steam .. “i 
Unscreened Mewigathent 

LorHIANs— 
(f.0.b. Leith}—Hartley Prime 
Secondary Steam .. ‘ ‘ 


ENGLAND, 

YORKSHIRE, MANCHESTER 

B.S.Y. Hard Steams 

Furnace Coke 
NORTHUMBERLAND, NEWCASTLE— 

Blyth Best 

»  Second.. 

Best Small .. 


Unscreened 
DuRrHaM— 
Best Gas. . 
Foundry Coke 
SHEFFIELD— Inland. 
Best Hand-picked Branch .. 27/6 to 29/6 
South Yorkshire Best .. 24/- to 30/- 
Seconds .. - 21/- to 22/- 
CarpiInF— SOUTH WALES. 


Steam Coals : 
Best Admiralty Large . . 
Best Seconds 
Best Dry Large 
Ordinaries 
Bunker Smalls 
Cargo Smalls . . 
Dry Nuts 
Foundry Coke 
Furnace Coke 
Patent Fuel 


SwansEA— 
Anthracite Coals : 
Best Large 
Machine-made Cobbles. 
Nuts 
Beans 
Peas 3 
Rubbly Culm. 


Steam Coals : 
Large Ordinary 


FUEL OIL. 


Inland consumption ; contracts in bulk. 


Sections, joists and plates are subject to a rebate to home users purchasing only from associated 


Australia and New Zealand, 5s. be added. 


6to £44 10 0 
9to £44 16 3 
Oto £49 5 O 


0 0 

0 0 

Export. 
112d. 
113d. 


0 Oto £36 0 0 


Export. 
104d. 


12)d. 


Oto £231 15 0 
Oto £231 15 0 
3to £23 18 9 


0 0 


£100 to £105 


Export. 
15/— to 15/6 
16/6 
19/— to 19/6 


15, - 


16/- 


14/6 to 15/- 


15/6 
15/- 


19/6 to 23,- 








19/- to 24/- 
17/- 
16/- 
13/6 

15/6 to 16/6 


15/6 to 16/6 
24/6 to 26/6 


19/6 
19/- to 19/44 
18/6 
18/3 to 18/6 
13/6 to 14/6 


13/— to 13/6 
25/— to 27/- 

30/- to 47/6 
24/6 to 25/- 

22/- 

36/- to 40/- 
41/- to 48/6 
40/- to 48/6 
25/- to 35/- 
19/— to 23/6 
11/6 to 12/- 


18/-- to 20/6 


Exclusive of Government tax of 1d. per gallon. 


Ex Ocean Installation. 
Furnace Oil (0-950 Lethal 
Diesel Oil 


Per Gallon. 
34d. 
4d. 
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French Engineering Notes. 
(From our own Correspondent in Paris.) 
The Forty Hours’ Week. 


UNDER pressure of strikes in the engineering, 
metallurgical, and metal-working trades, the application 
of the forty-hours’ week became compulsory at the 
beginning of this week, except in works that run con- 
tinuously where a maximum of three months is allowed for 
a gradual reduction of hours by the organisation of an 
extra shift. This compulsion came as a disagreeable 
surprise to employers who had hoped that their appeal 
for time to enable them to adopt the short week progres- 
sively would have met with favourable consideration. 
The only concession allowed them is the option of splitting 
up the forty hours into eight hours a day for five days, 
or 6 h. 40 min. a day for the full working week, while in 
works engaged on production of a seasonable character, 
a further adjustment is permitted with a maximum of 
eight hours on any day. It is decreed that the hourly 
rate of wages will be fixed by dividing the weekly total 
for forty-eight hours by forty, so that a shorter week is 
accompanied by a 20 per cent. increase in wages, in 
addition to the advance of 15 to 17 per cent. decreed in 
June last, that advance having in many cases already 
been further raised by “‘ adjustments” to the higher 
cost of living. The situation is regarded by employers 
as extremely serious from the point of view of national 
economy. They are solidly grouped for any action that 
may have to be taken. But nothing can be done at the 
moment, and employers intend to observe strictly the 
new law and leave all responsibility for the consequences 
to the Government. 


Compulsory Arbitration. 


The fate of the Bill for compulsory arbitration 
which passed through the Chamber of Deputies with a 
large majority is now in the hands of the Senate. Like 
other labour and industrial measures that have gone 
through a fire of criticism in the Senate, it will probably 
be adopted with some amendment, and the usual reserva- 
tion that full responsibility for its application lies with the 
Government. All that can be said at the moment is that 
if the Bill becomes law in its present form it will introduce 
further complications in an already involved situation. 
The Bill was introduced as an urgent measure to check 
the organised resistance of employers to the occupation 
of works, and as a reply to their refusal to enter into nego- 
tiations with the labour union until they are sure of being 
able to exercise authority in their own factories. Nothing 
has been done to stop strikes that are doing so much to 
disable industry, and are causing serious trouble in the 
engineering and metallurgical areas. The Government 
claims that compulsory arbitration will put an end to 
strikes which will become illegal. Employers are of the 
opinion that it will do nothing of the kind unless awards 
are in favour of the men. So long as the Government 
reserves to itself the right to appoint arbitrators there is 
reason to fear that the men will be generally favoured. 
Monsieur Léon Blum, however, affirms that the Govern- 
ment will not exercise that right. The procedure consists, 
first, in an attempt at conciliation between the parties 
themselves under the direction of the prefecture of the 
Department. If that attempt fails, arbitrators will be 
chosen by both parties, or if one or the other party refuses 
to name an arbitrator this will be done by the Government, 
and should the arbitrators be unable to agree, the employers 
and men will present to the Prime Minister a list of names 
from which he will select an arbitrator whose award will 
be final. Thus the Government intervenes in a manner 
that employers feel may not be conducive to strict impar- 
tiality. There are, moreover, inconsistencies in the labour 
legislation that appear to be unavoidable when relations 
between employers and men are revolutionised. It is 
declared that compulsory arbitration will put an end to 
strikes, and yet the Government intends to bring about a 
“‘democratic organisation of strikes’’ by introducing a 
Bill to provide that no strike will be legal except when 
sanctioned by a three-quarter majority vote in the indus- 
tries concerned. In effect, such a law, if enforced, would 
lessen minority influence which is the main cause of the 
present trouble, but it would tend to nullify compulsory 
arbitration awards by enabling the majority of workers 
to strike against them. Moreover, employers do not feel 
themselves safe in opposition to the uncompromising 
Confédération Générale du Travail, which Monsieur Léon 
Blum declared, during the debate on the Bill, was recog- 
nised by the Government as the only accredited representa- 
tive of the working classes. The C.G.T. was at one time 
opposed to compulsory arbitration, and, since becoming 
the right arm of the Government, has veered round in its 
favour. Two significant facts are the attitude of some big 
employers, such as the Aciéries de Pompey, who notify 
the dismissal of strikers in occupation of works, with the 
option that those men who desire to return to work may 
apply for reinstatement, and also a statement published 
in the leading Socialist paper to the effect that com- 
pulsory arbitration is regarded as a step towards the 
socialisation of industry. 


The Navy. 


As already stated in a previous note, the Naval 
Estimates for the coming year provide for an acceleration 
of ship construction, which has been retarded by strikes 
and other causes, as well as the laying down of a few 
light surface ships and submarines. It is intended to 
clear off arrears in order to start upon larger instalments 
of the shipbuilding programme that are necessitated by 
activity in naval construction in other countries. Arrange- 
ments have been somewhat upset by the increase of about 
35 per cent. in the cost of shipbuilding as the result of 
the social and labour reforms, and there is difficulty in 
obtaining the additional supply of skilled labour required 
without encroaching upon the needs of private employers. 
In the same way, Parliament will be asked to pass a Bill 
extending facilities for recruiting men for the Navy, 
which requires a further complement of 4000, and a con- 
stantly increasing number of men for ships to be built 
during the next few years. According to the programme 
now being prepared, there will be, in 1943, five battle- 
ships of 35,000 tons and ten cruisers of 10,000 tons. 


British Patent Specifications. 


When an tion is ted from abroad the name and 





address of the communicator are pri in italics. 
When an abridgment is not illustrated the Specification is 


without drawings. 

Copies of Specifications may be obtained at the Patent Office, 
Sale Branch, 25, Southampton-buildings, Chancery-lane, W.C.2, 
ls. each. 

The date first given is the date of application ; the second date, 
at the end of the abridgment, is the date of the acceptance of the 
complete Specification. 





ELECTRICAL APPLIANCES. 


455,152. June 14th, 1935.—E.morricaL REsISTANCES FOR 
Heating Apparatos, Société Anonyme des Manufactures 
des Glaces et Produits Chimiques de Saint-Gobain, Chauny 
et Cirey, lbis, Place des Saussaies, Paris, France. 

This electric heater is formed by a number of glass tubes A A, 
on to which there is sprayed a metallic coating of aluminium. 
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The aluminium is sprayed on by a jet of air and the rate of | 


tube C. A small transformer D carries the primary current of 
the main transformer and, from its secondary, supplies current 
to the tube C. This tube is consequently heated in accordance 
with the current in the main transformer, and, by its tem- 

erature indicates the temperature of the main winding. If 
it is desired to know the temperature of the oil alone the switch 
E is closed. This short circuits the current from the tube C, 
which takes up the temperature of the oil, and a corresponding 
indication is given.—October 12th, 1936. 


454,786. June 26th, 1936.—Dervices ror OsraInine A Con- 
stant Frow or Fine Granvtark Masses, Siemens- 
Schuckertwerke, Aktiengesellschaft Berlin-Siemensstadt, 
Germany. 

This is a device for supplying very fine flows of granular 
material, so fine that an appropriately sized orifice would be 
liable to be choked. The flow of material is indicated by the 
arrow A and comes through a substantially sized orifice. It 


N°454,786 ; A 








flows on to the pocketed wheel B, which rotates in a counter clock- 
wise direction. It will be noticed the vanes of some of the pockets 
are set at different angles to the others. All the pockets receive 
a@ share of the material, but some empty their contents into 
the shoot C and some into D. In the case illustrated this results 
in proportioning the flow in the ratio of 2-1. Either portion can 
be discarded and returned to the hopper according to the 
amount required, while the other is used for the purpose 
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spraying and the distance of the jet from the glass is so adjusted 
that the particles of aluminium are partially oxidised as they | 
are deposited on the glass. The extent of the oxidation deter- 
mines the electrical resistance of the coating. The tubes are 
held in a frame by clips which connect them in series. It is | 
recommended that the temperature of the glass in working | 
conditions should not exceed 400 deg. Cent. Flat surfaces may 
be used instead of tubes.—October 15th, 1936. 


TRANSMISSION OF POWER. 


454,771. April Ist, 1936.—BrEaRinGs, General Motors, Ltd., 
Detroit, Michigan, U.S.A. 
Bearings for high-speed internal combustion engines, which 
are subject to heavy loads, are formed of bent strip material. 
The strip is of steel and is coated with bronze of a composition 


N°454,771 





from 70 Cu-30 Pb to 50 Cu-50 Pb, which is attached by a weld- 
ing or fusion process. Along each edge the coating is removed 
in a narrow strip, as at A A, so that the strip can be flanged 
over without cracking the coating. The strip is then curved 
round into the form of the completed lining.—October 7th, 1936. 


MEASURING AND TESTING INSTRUMENTS. 


455,004. May 26th, 1936.—TEMPERATURE Inpicators, The 
British Thomson-Houston Company, Ltd., Crown House, 
Aldwych, London, W.C.2. : 

This is an instrument for showing the temperature of the 
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winding of an oil-filled transformer, and also, if required, the 











temperature of the oil. The indicator dial is shown at A, and 
is operated by a thermometric device B, arranged in a sealed 


| intended.—October 7th, 1936. 


CRANES AND CONVEYORS. 


| 455,143. April 25th, 1935.—-OvernEeap Runways, D. M. King, 


48, Balmoral-road, Hitchin, Herts. 

This runway is of the double track type and is intended to 
have several branches, into any one of which the trollies can be 
automatically diverted. The main carrying rails are shown at 
AA and a branch line at B. The trolley C is propelled by an 
endless chain D carried by small overhead trollies E. The con- 
nection is made by cleats depending from the chain. In order 
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| to divert a trolley into a branch track a tongue piece F is 
| pivoted at the junction. This piece is operated by a solenoid G 
| through the Bowden wire H. The solenoid is energised through 


the relay J and switch K attached to the track, which is operated 
by a trigger L on the trolley. The positions of the triggers and 
switches can be varied so that trollies can be selected to go into 
various branches. The branches are laid on a slope so that the 
trollies finish their journey by gravity.—October 15th, 1936. 


BUILDING. 


454,630. April 3rd, 1935.—Tunnet Liytnos, Sir M. McAlpine, 
50, Pall Mall, London, 8.W.1. 
This tunnel lining is made of pre-cast segmental concrete 


N°454,630 





blocks, and is peculiar in that each unit is provided with a pad 
A, which rests against the surface of the excavation and leaves 
a channel B at the back of each joint. When the blocks have 
been assembled in place grout is forced into the channels 
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through the holes C to make a water-tight joint. The arrange- 
ment has the merit that the pads carry the weight of the lining 
while the grout is setting.—Octobder 5th, 1936. 


454,749. January 15th, 1936.—A MerraLiturGicaL CEMENT, 
Fried. Krupp Aktiengesel!schaft, Essen, Germany. 
This invention relates to a process of producing metallurgical 
cement and consists in a peculiar manner of sintering the starting 
materials for the cement. By the term ‘‘ metallurgical cement ” 
is meant blast-furnace, iron-Portland, and similar cement 
with which blast-furnace slag is incorporated during manufac- 
ture. If the materials are sintered on a blast-grate, it is advis- 
able to apply to the grate itself a bed which commonly consists 
of return material. The raw materials for the clinker are 
sintered on a bed of undried slag sand on a blast grate, and the 
sintered material so obtained is then finely ground. The 
slag sand can be used in the original condition, and the raw 
materials for thé clinker are preferably sintered at such a speed 
that the slag sand bed is merely dried and a transition of the 
slag into the crystalline form is prevented by the quick cooling. 
The quantity of heat supplied by a solid or gaseous fuel should 
be so determined as to suffice for carrying out the sintering 
operation and for drying the slag sand bed. By suitably 
determining the proportion of the clinker raw materials to 
the slag sand, a raw material for the fabrication of iron-Portland 
cement or blast-furnace cement is immediately obtained which 
is thereafter only required to be finely ground. The advantage 
of this process resides primarily in the feature that special fuel 
for drying the slag sand is saved.—October 7th, 1936. 


































































































METALLURGY. 
455,224. April 12th, 1935.—Frorn FLoraTion oF OREs, 
American Cyanamid Company, 30, Rockefeller Plaza, New 
York, U.S.A. 
The flotation reagent of the invention contains an organic 
derivative of di-thiophosphoric acid, such as an aryl 
di-thiophosphoric acid or a salt of such derivative with thio- 
carbanilide in solution, the amount of thiocarbanilide being less 
than that of the di-thiophosphoric compound. Generally these 
derivatives or the salt of such derivatives are di-alkyl 
or di-ary! substituted di-thiophosphorie acids or their alkali 
metal salts, and the ammonium salts. The inventors have 
found that, although the di-thiophosphates are excellent pro- 
moters the effectiveness thereof is very materially increased by 
the addition thereto in solution of even a relatively small amount 
of thiocarbanilide, e.g.,6 per cent. Such effectiveness is not 
merely the sum of the effectiveness of each of the compounds 
constituting the mixture, when used by itself, but the com- 
position is superior to either of the ingredients thereof as a 
flotation promoter. While various di-thiophosphates may be 
utilised in conjunction with the thiocarbanilide, excellent 
results are obtained in the use of certain aryl di-thiophosphates, 
as, for example, the di-phenyl or the di- cresyl di-thiophosphoric 
acid. They may be formed by reacting 15 parts by weight of 
phosphorus pentasulphide with 85 parts of cresylic acid, whereby 
a reaction takes place with the formulation of the di-cresyl 
di-thiophosphoric acid. In some cases the cresylic acid may be 
treated with larger amounts of phosphorus pentasulphide, as, 
for example, 25 parts by weight, which results in the formation 
of a larger proportion ‘of the di-cresyl di-thiophosphoric acid. 
These compounds are capable of dissolving up to about 6 per 
cent. of thiocarbanilide and the inventors prefer to utilise such 
a proportion. The thiocarbanilide enters readily into the 
solution by stirring, although it is preferable to warm the di- 
thiophosphorie acid to facilitate the solution thereof. The 
solution is stable under all atmospheric temperature conditions. 
October 12th, 1936. 


MISCELLANEOUS. 


455,015. April 13th, 1935.—PREssSURE-REDUCING VALVES, 
David Auld and Sons, Ltd., and J. Graham, Whitevale 
Foundry, Rowchester-street, Glasgow. 

This is a device for operating a steam pressure-reducing valve, 
which is not shown. It is bolted to the main valve by the 
flange A and controls by the variation of the pressure in that 
branch. Another branch B is connected with the low-pressure 
side of the reducing valve. Steam from this branch passes 
through the needle valve C to the space beneath the mushroom 
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valve D, to the branch A and to the bellows E. The bellows 
are loaded by the spring F according to the lower pressure 
required. At the working pressure a faint leak of steam passes 
the valve D and escapes by the exhaust G. Should the pressure 
fall the spring F will overcome the diaphragm, the valve D 
will be opened more fully, and the pressure in the branch A 
will be reduced on account of the wire-drawing effect of the 
needle valve C. This reduction in pressure is utilised to operate 
the main reducing valve. With a rise in pressure the operation 
is, of course, the reverse.—October 12th, 1936. 
455,144. May 4th, 1936.—LusBRiIcaTING SHEAVE 
J. W. White, Railway Works, Widnes, Lancs. 
This is an arrangement for lubricating such pulleys as the 


PULLEyYs, 














guide sheaves of ropeways which run on approximately vertical 
spindles. In the base A there is an oil reservoir B and fixed to it 


is cut a spiral groove F. Oil is pumped up this groove by the 
rotation of the sheave and fills the annular chamber G. Part of 
it flows down thus lubricating the bearing, while the surplus is 
returned by the central passage H.—October 15th, 1936. 


455,142. April 18th, 1935.—Fivrers, The Stream-Line Filter 
Company, Ltd., Hele-Shaw Works, Ingate-place, London, 
S.W.8; and T. E. Beacham, 89, Gunnersbury-avenue, 
London, W.5. 

This is a portable oil filter of the edge filtration type, in which 
the oil is heated to reduce its viscosity before filtration. The 
dirty oil is put in the container A through the filler cap B and is 
forced into the filter chamber C by air supplied under pressure 
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at the branch D. The oil goes by the riser E and connection F 
to the upper part of the chamber. The filtering element com- 
prises a series of discs G threaded on a stalk H with very narrow 
interfacial spaces. The oil flows through these spaces, up a 
central passage, and goes away clean by the branch J. The dirt 
remains on the outside. The filtering chamber is covered with 
heat insulating material K and is warmed by an electrical heater 
L, which can be regulated by the resistance M.—October 15th, 
1936. 








Forthcoming Engagements. 
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Secretaries of Institutions, , &c., desirous of having 
notices of meetings inserted in this » are requested to note 
that, in order to make sure of its insertion, the necessary information 
should reach this office on, or before, the morning of the Monday 
of the week preceding the In all cases the TIME and 
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PLACE at which the meeting is to be held should be clearly stated. 
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To-Day. 
Inst. oF CrviL ENGINEERS: NORTHERN IRELAND Assoc.— 
Grand Hotel, Belfast. Annual dinner. 

Inst. oF MECHANICAL ENGINEERS.—Storey’s-gate, S.W.1. 
“« The Smoke of Cities,” J.S. Owens. 6 p.m. 

Inst. oF Metats : SHEFFIELD Local Section.—Non-ferrous 
Section of the Applied Science Department of the University, 
St. George’s-square, Sheffield. ‘‘ Technical and Industrial 
Development in the Electrochemical Surface Treatment of 
Metals,’’ M. Cook. 7.30 p.m. 

Junior Inst. oF ENGINEERS.—Royal Soc. of Arts, John- 
street, W.C.2. ‘* Metallurgical Developments and Engineering 
Progress,”’ Sir William J. Larke. 7.30 p.m. 


MANCHESTER Assoc. oF ENGINEERS.—Engineers’ Club, 
react Pg Manchester. “Production Planning and 
Control,” G. R. Gibbons. 7.15 p.m. 


PuysicaL Soc.—Imperial Etat of Science and Technology, 
Imperial Institute-road, S.W.7. “The Structure and Elec- 
trical Conductivity of Thin Films of Indium,” V. E. Cosslett ; 
‘A Circuit for Counting Impulses at High Counting Speeds,” 
J. H. E. Griffiths. 5 p.m. 

West or Scottanp [Ron anpD STEEL Inst.—Royal Technical 


College, George-street, Glasgow. ‘* Refractories,’’ A. T. Green. 
7.15 p.m. 
Saturpay, Dec. 12TH. 
Inst. oF ELecrRicAL ENGINEERS: NortTH-EASTERN 


SrupEnts’ SeEcTIon.—Visit to the works of C. A. Parsons and 
Co., Ltd. 2.30 p.m. 

NORTHAMPTON ENGINEERING 
Assoc.—Criteriom Restaurant, Piccadilly, W.1. 


7.30 p.m. 


CottecGe Past SrupeEnts’ 
Annual dinner. 


Monpbay, Dec. 14ruH. 
BraDForRD ENGINEERING Soc.—Bradford Technical College. 
* Black Flag and White Ensign,’’ Lieut.-Com. D. 8. E. Thomp- 
son, R.N. 7.30 p.m. 
ENGINEER'S GERMAN 
neers, Storey’s-gate, S.W.1. 
quelle der Deutschen Reichsbahn ” 
of the German State Railways ’’), 
Stroebe. 5.15 p.m. 
Inst. OF AUTOMOBILE ENGINEERS.—39, Elmbank-crescent, 
Glasgow. “ Processes in Oil Engine Injection Systems with 
Spring-loaded Nozzle Valves,’ Dr. 8S. J. Davies. 7.45 p.m. 
Inst. or Crvit ENGINEERS: NORTHERN IRELAND Assoc.— 
Queens University, Belfast. ‘‘ Aggregate Grading and Design 
and Control of Concrete,’”’ Prof. H. N. Walsh. 6.30 p.m. 
Inst. or Metats: ScorrisH Locat Secrion.—Inst. of 
Engineers and Shipbuilders in Scotland, 39, Elmbank-crescent, 
Glasgow. ‘‘ Metal Spraying by the Wire Process,” W. E. 
Ballard. 7.30 p.m. 
Inst. or TRaANsPporT.—Inst. of Electrical Engineers, Savoy- 
place, Victoria Embankment, W.C.2. ‘‘ Transport from an 
Operating Trader’s Viewpoint,’”’ W. H. Gaunt. 5.30 p.m. 

Turspay, Dec. 157TH. 
Inst. oF ELECTRICAL ENGINEERS : 
StupEents’ Section.—Hotel Metropole, King-street, 
** Problems Night.”” 7.15 p.m. 
Inst. or Crvin ENGINEERS.—Great George-street, S.W.1. 
“‘ The Second Stage Development of the Lochaber Water Power 
Scheme,”’ A. Holden Naylor. 6 p.m. 
Inst. oF ENGINEERS AND SHIPBUILDERS IN SCOTLAND.—39, 
Elmbank-crescent, Glasgow. ‘‘ Television,”’ Professor G. W. 
Howe. 7.30 p.m. 
Inst. oF Merars: BrirmincHam Locat Section.—James 
Watt Memorial Inst., Birmingham. ‘‘ Metallurgical Problems 
in the Chemical Industry,” N. P. Inglis. 7 p.m. 


Crrcie.—Inst. of Mechanical Engi- 
* Triebwagen mit eigener Kraft- 
(‘ Self-propelled Railcars 
Herr Reichsbahndirektor 


NortH MIpLanp 
Leeds. 


SHEFFIELD METALLURGICAL Assoc.— 198, West-street, 
Sheffield. ‘‘Some Recent Interesting Failures in Chemical 
Plant,” F. H. Keating. 7.30 p.m. 


WEDNESDAY, Dec. 16TH. 
Inst. or AUTOMOBILE ENGINEERS.—Metropole Hotel, Leeds. 









is the vertical spindle C. The sheave D has a bushing E in which 





Inst. or CuEmicaL ENGINEERS.-—Burlington House, Picca- 
dilly, W.1. ‘* Chemical Engineering in the Pulp and Paper 
Industries,” Dr. Julius Grant. 6 p.m. 

Inst. or Crvi. ENGINEERS.—Great George-street, 5.W.1. 
Discussion on ‘* The Sea Action Committee Report,” introduced 
by J. Shaw. 6 p.m. 

Inst. or FuEL.—Constitutional Club, St. Ann-street, Man- 
chester. ‘* High Performance Fuels,” H.C. Tett. 7 p.m. 

NeEwcomMEN Soc.—Inst. of Structural Engineers, 10, is ad 
Belgrave-street, S.W.1. ‘‘A Bicentenary Appreciation of a 
Pioneer in the Science of Construction,” 8. 
5.30 p.m. 

Nortu-East Coast Inst. oF ENGINEERS AND SHIPBUILDERS : 
TEEssIDE Brancu.—Cleveland Scientific and Technical Inst., 
Corporation-road, Middlesbrough. ‘‘ Echo-Sounding Equip- 
ment for Ships,’’ Captain Hutchings. 7.30 p.m. 

Soc. or Giass Tecuno1locy.—General meeting in St. Helens. 
Visits to works of Pilkington Bros., Ltd., United Glass Bottle 
Manufacturers, Ltd., Forsters Glass Company, Ltd. 

Royat Soc, or Arts.—John-street, Adelphi. ‘* The Develop- 
ment of Crystal Analysis,”’ Sir William Bragg. 8.30 p.m. 


B. Hamilton. 


Tuurspay, Dec. 177s. 
ENGINEERS: YORKSHIRE Assoc.—Hotel 
Metropole, Leeds. ‘‘ Road Research,” E. A. Dyer. 7.30 p.m. 

Inst. oF ELxcrricaL ENGINEERS.—Savoy-place, Victoria 
Embankment, W.C.2. ‘‘ The Micro Gap Switch,” Professor 
W. M. Thornton ; * Restriking Voltage and its Import in 
Circuit Breaker Operation,” H. Trencham and K. J. R. Wilkin- 
son. 5.30 p.m. 

Inst. OF MARINE ENGINEERS.—85, 
Junior Section film display. 7 p.m. 

Inst. or Mintinc AND METALLURGY.—Royal Geological Soc., 
Burlington House, Piccadilly, W.1. ‘* A Revival of Lead Mining 
at Halkyn, North Wales,” J. B. Richardson. 5.30 p.m. 

Norru-East Coast Inst. oF ENGINEERS AND SHIPBUILDERS : 
GrapvuaTE SEcTION.-—Bolbec Hall, Newcastle-on-Tyne. ‘‘ The 
White Engine,” A. White. 7.15 p.m. 

Soc. DEs INGENIEURS CIVILS DE FRANCE: 

-Inst. of Mechanical Engineers, Storey’s-gate, 
Conditioning and Heating of Railway Carriages,” 
6 p.m. 


Inst. oF Crvu. 


The Minories, E.C.3. 


BririsH SECTION, 
S.W.l. “Aire 
M. E. Damond. 





Fripay, Dec. 18TH. 

Inst. OF MECHANICAL ENGINEERS.—Storey’s-gate, S.W.1. 
‘Recent Developments in Hydro-electric Engineering, with 
Special Reference to British Practice,” P. W.Seewer. 6 p.m. 

Junior Inst. oF ENGINEERS.—39, Victoria-street, S.W.1. 
Discussion on ‘Economics in Relation to Engineering.” 
7.30 p.m. 

Nortu-East Coast Inst. oF ENGINEERS AND SHIPBUILDERS. 
—Mining Inst., Newcastle-on-Tyne. ‘ Relationship Between 
Mechanical Tests of Materials and their Suitability for Specific 
Working Conditions,” N. P. Inglis. 6 p.m. 


Saturpay, Dec. 197TH. 


Inst. oF ELectricaAL ENGINEERS: Lonpon StTuDENTs’ 
SecTion.—Visit to the British Thomson-Houston Company, 
Ltd., Willesden. 3 p.m. 

Inst. oF Metats: Nortu-East Coast Locat Section. 


Electrical Engineering Lecture Theatre, Armstrong College, 
Neweastle-upon-Tyne. ‘‘ Recent Improvements in Refractory 
Materials,”’ P. B. Robinson. 7.30 p.m. 

MANCHESTER Assoc, OF ENGINEERS. 
Sackville-street, Manchester. Conversazione 
6.45 p.m. 


College of Technology, 
and dance. 
Tuespay, Dec. 22Nnpb. 

Inst. OF AUTOMOBILE ENGINEERS.—James Watt Memorial 
Inst., Great Charles-street, Birmingham. ‘ Processes in Oil 
Engine Injection Systems with Spring-loaded Nozzle Valves,” 


Dr. 8. J. Davies. 7.30 p.m. 
1937. 
Monpbay, JAN. 4TH. 

Soc. or Cuemicat Inpustry.—Burlington House, Piccadilly, 

W.1. ‘ The Zine Industry,” 8S. Robson. 8 p.m. 
WEDNESDAY, JAN. 6TH. 

Inst. oF HEATING AND VENTILATING ENGINEERS.—Inst. of 
Mechanical Engineers, Storey’s-gate, 8.W.1. Discussion on 
‘Effects of Water Vapour Content in the Atmosphere of 


Interest to Heating and Ventilating Engineers.” 


Soc. or Grass TecHNOLOGY.—Trocadero Restaurant. Annual 
dinner and dance. 7.15 p.m. 
THurspay, JAN. 7TH. 
Inst. oF ELEectrricaL ENGINEERS.—Savoy-place, Victoria 
Embankment, W.C.2. *‘* Lightning,” B. L. Goodlet. 6 p.m. 
Fripay, JAN. 8TH. 
Inst. or SanrTaRY ENGINEERS.—Caxton Hall, 8.W.1. ‘ The 


Disintegration of Solid Matters in Sewage,’’ H. R. Lupton. 
6 p.m. 
Jan. LitH. 
Inst. or Civ. ENGINEERS: NORTHERN IRELAND ASSOC.- 
Queen’s University, Belfast. ‘The Numerical Solution of 
Formula by Graphical and Mechanical Methods,” Prof. F. H. 
Hummel. 6.30 p.m. 
Inst. or Transport.—Inst. of Electrical Engineers,’ Savoy- 
place, Victoria Embankment, W.C.2. ‘‘ Some Considerations 
of Problems Affecting Port Management,’ Sir Lionel A. P. 
Warner. 5.30 p.m. 

TurEspay, JAN. 12TH. 
Inst. oF ENGINEERS AND SHIPBUILDERS IN SCOTLAND.—39, 
Elmbank-crescent, Glasgow. ‘‘ The Training of Welders,” J. Orr 
and W. Heigh. 7.30 p.m. 
Inst. oF MARINE ENGINEERS.—85, The 
““ Engines Aft versus Amidships,” J. L. Scott. 

WEDNESDAY, JAN. 13TH. 
British Hororocicat Inst.—33, Northampton-square, E.C.1. 
“Time Switches,” E. E. Sharp. 7 p.m. 
Inst. oF ENGINEERS-IN-CHARGE.—St. Bride Inst., Bride-lane, 
E.C.4. ‘Power Transmission by Rope, Belt, Chain, and 
Gearing,” E. L. Parry. 7.30 p.m. 
Inst. or WeLp1nG.—Inst. of Mechanical Engineers, Storey’s- 
gate, S.W.1. ‘‘ Welding Non-ferrous Metals : Some Problems,” 
H. W. G. Hignett. 6.30 p.m. 

TuHuRspDAY, JAN. 14TH. 
Inst. o- Crvit ENGINEERS: BIRMINGHAM DisTRICT Associa- 
TION.—James Watt Memorial! Inst., York House, Great George- 
street, Birmingham, 3. ‘‘ Engineering Experience in India,” 
F. W. Ireland. 6 p.m. 
Raitway Cius.—Royal Scottish Corporation Hall, Fetter- 
lane, E.C.4.  ‘‘ The Ironbridge Alterations,” L. T. Catchpool. 
7.30 p.m. 


MonpDay, 


Minories, E.C.3. 


6 p.m. 


WEDNESDAY, JAN. 20TH. 
Inst. oF CuoEMICAL ENGINEERS.—Chemical Soc., Burlington 
House, Piccadilly, W.1. ‘‘Superphesphate Manufacture,” 
W.G.T. Packard. 6 p.m. 
Monpbay, Jan 257TH. 
Inst. or Crvit ENGINEERS: NORTHERN IRELAND Assoc,— 
Queen’s University, Belfast. ‘‘ Main Sewer Outfall and Pumping 
Station for Lecky-road District, Londonderry,” G. F. Houston. 





‘* Brake Performance,” E. W. Sisman. 7.15 p.m. 


6.30 p.m, 
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The Croydon Air Liner Disaster. 


Ir is with deep regret that we have to chronicle 
one of the most serious civil aviation disasters of 
recent years which oceurred on Wednesday morning, 
December 9th. “Less than a mile from Croydon 
Airport, the K.L.M. Royal Dutch air liner, a D.C.2 
Douglas machine of the low-winged monoplane 
type with two Wright 700 H.P. Cyclone engines, 
which, after delay by fog, left the aerodrome shortly 
after 10.30 a.m. for Amsterdam crashed a few 
minutes later into three houses in Hilcrest-road, 
Purley. A fire immediately broke out and fourteen 
passengers lost their lives. The dead included 
Senor de la Cierva, the inventor of the autogiro, 
and Admiral Arvid Lindman, who was for five years 
the Prime Minister of Sweden. The burnt wreckage 
has been inspected by Air Ministry officials, and 
further investigations have been made by the experts 
of the Dutch Air Lines. The official inquest was 
opened on Tuesday, December 15th, at Bandon 
Hill, Surrey, and was adjourned to January 12th. 
Speaking at the inquest on behalf of fellow residents 
on the “ Ridge ” between the aerodrome and Purley 
Dr. Lancaster said that‘they urged that so long as 
the aerodrome remains in its present position there 
should be some measure of authoritative restraint, 
apart from the wishes of passengers and pilots, which 
would prevent aeroplanes from starting in conditions 
of markedly low visibility. A message of sympathy 
was sent by Viscount Swinton, the Secretary of State 
for Air, to Dr. Colijn, the Dutch Prime Minister 
at the Hague. The Air Ministry announces that 
three sets of wireless beacons have been installed at 
Croydon for experiments in connection with the 
landing and taking-off of aeroplanes in fog. 


The Late Mr. A. Forbes Dick. 


TuHE Brush Electrical Engineering Company, Ltd., 
of Falcon Works, Loughborough, has suffered a severe 
loss by the death of its managing director, Mr. A. 
Forbes Dick, which occurred on Wednesday last, 
December 9th, following an attack of pneumonia. 
Andrew Forbes Dick was born in Edinburgh, and at 
an early age entered the service of the National Tele- 
phone Company, being stationed at Berwick-on- 
Tweed. The experience which he gained as engineer 
and later manager with regard to wayleaves and other 
developments in connection with telephone work 
proved useful to him in his later career. On leaving 
Berwick-on-Tweed he served for a short time with the 
Peel Conner Telephone Company, and afterwards 
was appointed to the supplies department of the 
British Westinghouse Company, where he gained 
further experience in contract work. On leaving the 
Westinghouse Company Mr. Dick accepted an 
appointment with Mr. A. F. Hobdell in the firm of 
Hobdell, Way and Co., of the Minories, where he rose 
to the position of managing director. The firm was 
ultimately absorbed into the Turner and Newall 
Asbestos and Insulation group, and Mr. Dick followed 
the asbestos interests and was appointed a special 
director on the asbestos side. After some little time 
with this group he joined Boulton and Paul, Ltd., as 
a special advisory director and was concerned with 
the subdivision of the general products of the 
company and its aeronautical activities. Mr. Dick 
joined the Brush Electrical Engineering Company, 
Ltd., in the latter half of this year, and was appointed 
managing director at the Loughborough works. He 
exerted the full powers of his contracting and organis- 
ing ability in the reorganisation and re-planning of 
the works, especially in connection with large con- 
tracts in hand for the Brighton Corporation electricity 
works. 


Safety in Mines. 


Tue Royal Commission on Safety in Coal Mines 
resumed its sittings on Monday, December 14th, 
when a memorandum was submitted on behalf of 
the Mineworkers’ Federation of Great Britain. In 
this memorandum it is stated that in the opinion of 
the Federation coalmining is the most dangerous of 
all the major industries, and the fact is deplored 
that, despite various developments for greater safety 
in mines, the’ accident figures for recent years show 
no material reduction. The Federation further takes 
the view that the number of accidents might be 
reduced by fewer hours spent underground, more 
education on safety questions, and a reduction of 
the age of entry to sixteen years. It holds that the 
number of mine inspectors should be extended and 
that mine deputies should be State appointed and 
should be regarded solely as safety men. In the 
Federation’s view, the extended use of electricity 
has greatly increased the danger of mining life, and 
it urges entire elimination of electricity in all mines 
in which safety lamps were in use. The great increase 
in shot firing underground has added to the dangers, 
and many miners believe that it should be abolished. 
Should that be found impracticable, the Federation 
suggests that the number of shots should be limited 
to three an hour and the immediate use of safety 


] 


resuscitation of these industries and for the attraction 
of new industries to the area. 


devices was opened by Lord Rutherford at the Science 
Museum on Tuesday, December 15th. The majority 
of the exhibits are in the nature of practical demon- 
strations which the visitor works for himself by 
pressing buttons. There are, for example, two models 
illustrating different forms of flood-lighting, one of 
Bush House showing the effect of varying the inten- 
sity of light, and the other of St. Paul’s, exhibiting 
the different applications of the contrast of dark and 
flood-lit areas. There is also a particularly effective 
model illustrating the British requirements for the 
lighting of an aerodrome. Domestic lighting exhibits 
are designed to show the effects of different coloured 


discharge lamps are naturally shown. Recent 
research has resulted in the conversion of the part of 
the invisible ultra-violet radiation of these lamps into 
a visible light by using coatings of luminescent 
powders with marked increase in efficiency. By way 
of contrast to. these modern developments a small 
historical exhibit illustrates the state of illumination 
throughout the ages. In opening the exhibition, 
which closes on April 25th, 1937, Lord Rutherford 
said the development of lighting during the past ten 
years was an admirable example of the close relation 


automatic gas detectors should be compulsorily 
adopted for use by workmen themselves as an addi- 
tional safeguard to the flame safety lamp carried by 
deputies. At the meeting on Tuesday evidence was 
given by Mr. Joseph Jones, the President of the 
Mineworkers Federation, who dealt with various 
aspects of the safety problem. The Commission was 
adjourned until January 11th. 


Railway Hours and Wages. 


On Wednesday, December 9th, the Associated 
Society of Locomotive Engineers and Firemen 
replied to the railway companies’ statement before 
the Railway National Tribunal at Montagu House, 
which was referred to in last week’s Journal. Speak- 
ing on behalf of the union, Mr. W. J. R. Squance said 
that it was advocating increased wages and increased 
purchasing power, and if it could accomplish that end 
the railway companies would be the first to benefit. 
The union’s claim was based on the physical needs of 
a body of men who deserved well of the community. 
There was no danger in engine speed, as such; the 
real danger lay in reducing speeds, in braking and 
stopping. That required judgment, skill, and effi- 
ciency, which could be obtained only after years of 
study and experience. Replying to Mr. Kenelm 
Kerr’s suggestion that improvements to locomotives 
had rendered the lot of the engineman an easier one, 
Mr. Squance pointed out that the driver had to know 
how to master these heavier loads and higher speeds. 
They could treat the duties of enginemen as lightly 
as they cared, but they could not minimise or transfer 
their responsibilities. Without good human material, 
contented and satisfied, all the most wonderful 
devices, the finest trains, and most powerful loco- 
motives were of no value. The public sitting of the 
Tribunal was concluded on Saturday, December 12th. 
At its close Sir Arthur Salter, the Chairman, said that 
the Tribunal would proceed to consider very carefully 
the statements made and the documents presented 
by the two sides. 


South Wales and Trade Recovery. 


THE South Wales Trade Recovery and Expansion 
Committee has just issued a memorandum which 
shows the lines on which the Committee is working. 
In a covering note the Chairman, Sir Robert Horne, 
points out that the gravity of the situation can scarcely 
be exaggerated. In its memorandum the Committee 
states that many of the most important districts of 
South Wales are scheduled as Special Areas, and one- 
third of the insured persons in the area have no 
employment. There are many contributory causes 
beyond the control of either employers or employed, 
but the crux of the situation is the virtual collapse 
of the key industry on which the major part of South 
Wales has relied for its support, the export coal trade. 
The Committee considers that the best solution of the 
South Wales coal problem is the formation of a 
European coal cartel. This can only be brought about 
by the Government clearly indicating its intention of 
taking all possible steps to regain for Great Britain 
its fair share of this trade, and by placing in the hands 
of the industry a weapon in the form of a subsidy 
through which this object can be attained. This 
course has been strongly urged upon the Government 
in a comprehensive memorandum submitted by the 
Committee on November 13th. The depression in 
the South Wales shipping industry due to the loss of 
export coal trade is the cause of the number of vessels 
piloted in and out of the principal South Wales ports 
last year being 50 per cent. less than in 1913. In 1935, 
55 per cent. of these vessels were foreign. In conse- 
quence of the acute depression in the major industries 
of South Wales many of the smaller industries have 
been virtually driven out of existence. The Com- 
mittee is actively engaged on proposals for the 


An Electric Illumination Exhibition. 


An exhibition of modern electric illumination 


ights on flowers, textiles, pictures, &c. Electric 


that his early days were spent in parts of New Zealand, 
where the candle and oil lamp provided the only 
light, he traced the growth of methods of illumination 
through gas, the arc lamp of Sir Humphry Davy, and 
the first carbon filament lamps of Swan in England 
and Edison in America. The filament lamp was a long 
step forward and electrical engineering had to be born 
to make proper use of it. 


Wireless Beacons at Croydon. 


THE announcement is made that three sets of 
wireless beacons have been installed by the Air 
Ministry at the Croydon Aerodrome for experiments 
in the landing of aircraft in fog. They all work on the 
short-wave principle and include the Lorenz beacon 
supplied by the Standard Telephones and Cables, 
Ltd., the Plessey Company’s beacon, and the Marconi 
beacon erected by the Marconi’s Wireless Telegraph 
Company, Ltd. Each system is complete in itself and 
comprises three units: a main beacon, working on a 
wavelength of 9m., which gives a defined path of 
approach to the aerodrome from a distance of 10 or 
15 miles; a “ distant” or “ outer’ marker beacon, 
working on a wavelength of 7-89 m., which throws up 
a vertical fan-shaped radio screen across the main 
approach path; the distant beacon is 1} to 2 miles 
from the aerodrome, and gives a fixed point of 
reference on the approach path ; and an “ aerodrome”’ 
or “inner” marker beacon, working on the same 
wavelength, which throws up a similar screen and 
provides a second and final point of reference at a 
distance of about 300 yards from the edge of the 
aerodrome. Later it is hoped that these services will 
be available to all incoming aircraft. The Air Ministry 
points out that these beacons should offer a valuable 
contribution towards safety because the occasions 
in which clouds are low, but above 50ft. to 100ft., or 
when visibility is poor, are fortunately much more 
frequent, than those on which the landing area cannot 
be seen from a height of 50ft. 


New Admiralty Tankers. 


In the first supplementary Naval Estimates a 
sum of over half a million pounds was set apart for 
new oil-fuelling vessels for the Navy. It was originally 
proposed to place orders for a certain number of 
new ships, but it has now been found more advan- 
tageous for the Admiralty to take over six out of 
the eighteen oil tankers which are now under con- 
struction in various British yards for the British 
Tanker Company, Ltd. The ships are the “‘ Abbey- 
dale ” and ‘* Arndale,” being built by Swan, Hunter 
and Wigham Richardson, Ltd., at Wallsend-on- 
Tyne; the ‘“ Boardale” and “ Broomdale,” by 
Harland and Wolff, Ltd., at Govan; the “ Bishop- 
dale,” by Lithgows, Ltd., at Port Glasgow; and 
the ‘‘ Aldersdale,’”’ by Cammell Laird and Co., Ltd., 
at Birkenhead. They are oil engine-driven ships 
of 12,250 tons deadweight capacity, with a loaded 
draught of about 27}ft., summer freeboard, and a 
speed of 12 knots. We are given to understand that 
they will ultimately replace six Admiralty tankers 
of the ‘‘ War” class. The first ship to be launched 
will be the “‘ Abbeydale ” shortly before the end of 
the year, and it is understood that the British Tanker 
Company, Ltd., will complete the ships before they 
are taken over by the Admiralty. 


The Late Sir Herbert Jackson. 


Many among our readers will learn with deep 
regret of the death at his home, Parsival-road, 
Hampstead, of Sir Herbert Jackson, F.R.S., Emeritus 
Professor of Chemistry in the University of London, 
and consultant to the British Scientific Research 
Association. Sir Herbert, who was seventy-three 
years of age, was appointed Assistant Professor of 
Chemistry at King’s College in 1902, three years 
later become Professor of Organic Chemistry, and 
in 1914 was appointed the Daniell Professor of 
Chemistry, King’s College, a post which he held 
until 1918, when he went to the British Scientific 
Research Association as its Director. That position 
he continued to hold until 1933, when he retired. 
He was a recognised authority on glass and its varied 
uses, and it was largely due to him that British 
manufacturers were encouraged and helped to build 
up the British optical glass industry of the high 
grade of which products he was justly proud. In 
1919 he gave the Trueman Wood Lecture at the 
Royal Society of Arts, when he spoke on “‘ Glass and 
Some of its Problems.” The optical glass industry, 
which owed its establishment on a firm basis in 
England as a result of the war, was, he considered, 
in a position to manufacture productions which were 
the best in the world, and he often stated that it was 
not possible to obtain anywhere optical glass and 
optical instruments better than, or in many cases 
as good as, those made in Great Britain. Sir Herbert 
had a wide scientific knowledge which brought him 
a large field of activity. He was a pioneer worker 
on the X-rays, and contributed to the design and 
improvement of X-ray tubes. He was President 
of the Réntgen Society from 1901 to 1903, and from 
1918 to 1921 served as President of the Institute of 
Chemistry. He was generous in nature, and was 
greatly loved by those with whom ‘he worked. His 


death will be keenly felt by those who enjoyed his 
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Liquid Brazing. 
By J. M. G. TURNBULL, BSc., A.I.C. 
No. 


(Continued from page 


THe METAL. 


HE metal which has always been used for liquid 

brazing is 70/30 brass, @.e., consisting of 70 per 
cent. copper and 30 per cent. zinc. This material is 
manufactured in large quantities in these works for 
rolling into blading, and the scrap from this process 
forms a convenient and cheap source of supply for 
the brazing pots. 





This alloy has been adopted for its good mechanical 
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FiG. 11—MECHANICAL PROPERTIES OF COPPER- ZINC ALLOYS 


and metallurgical properties. The former are shown 
in the diagram (Fig. 11), from which it can be seen 
that the maximum ductility is attained, combined 
with good tensile strength, with 70 per cent. copper. 
Under suitable conditions, e.g., after annealing, this 
alloy consists of crystals of uniform composition 
similar to a pure metal, and usually referred to as a 
* solid solution ”’ (see Fig. 12). This can be seen from 
consideration of the so-called equilibrium diagram 
(Fig. 13). For the present purpose, it is unnecessary 
to explain this diagram in any detail, except to point 

















FiG. 12—MICROSTRUCTURE OF 70/30 BRASS 


out that alloys containing above 68 per cent. copper 
contain only one constituent, known as alpha (a) 
brass. With greater amounts of zinc, other phases 
are also formed, known as 8, 8’, and y. These are 
more brittle than the « constituent, hence decreasing 
the ductility, as is shown in Fig. 11. The photo- 
micrograph of 60/40 brass (Fig. 14) shows « and 8 
constitutents. The equilibrium diagram also shows 
the behaviour of the metal on solidifying. In the 
case of 70/30 brass, two points are shown where a 
solid is in equilibrium with liquid, 7.e., at 960 deg. 
Cent. and 910 deg. Cent. The former, known as the 










Zinc Per Cent 


is 
625, December 11th.) 


** liquidus,”’ is the point at which the melt commence 
to solidify, the process continuing until it is completely 
solid at 910 deg. Cent. (solidus). 

Apart from its superiority in ductility, 70/30 brass 
has another important advantage over copper, 
namely, in its power of resisting oxidation. Copper 
is very prone to oxidation, and as this greatly reduces 
its mechanical properties, elements are often added 
to keep the copper free from oxygen. Such elements, 
known as “ deoxidisers,”’ are manganese, phosphorus, 
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aluminium, and silicon. Zinc itself, has good deoxidis- 
ing properties, so that any trouble due to oxidation 
is eliminated by the use of 70/30 brass. 

When originally melted, the brazing metal is in 
an exceptionally pure state, but it rapidly becomes 
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Fic. 13—COPPER-ZINC EQUILIBRIUM DIAGRAM 


contaminated with iron chiefly due to its attacking 
the steel segments. This introduction of iron into the 
brass is not detrimental up to a limit, as the addition 
of small quantities of iron increases the tensile strength 


e.g., 1°5 per cent. of iron has been found to increase 
the tensile strength of brass from 15 to 23 tons per 
square inch. 

Higher percentages of iron make the metal too 
brittle, hence the iron content is always kept below 
1-5 per cent. A sample of the metal is taken daily, 
on which the iron content is estimated, and as soon 
as this reaches 1-5 per cent., 50 per cent. of the metal 
is changed for new. At the temperatures used in 
brazing, the partial pressure of zinc in brass is high. 
Hence much is lost by volatilisation, resulting in the 





FIG. 14—MICROSTRUCTURE OF 60/40 BRASS 
raising of the copper content. This is kept as near 
70 per cent. as is possible, by daily analysis and the 
subsequent addition of zinc. 

In an attempt to reduce the volatilisation of the 


' zinc, the experiment was tried of adding | per cent. 


aluminium to the melt. It was known that such an 
addition in casting processes, resulted in the forma- 
tion of a thin, but very tenacious surface film of 
alumina, which prevented loss of zine. After adding 
the aluminium to the brass in the brazing pot, it 
was noticed that a thick crust was formed on the 
surface of the metal under the borax. A similar 
crust formed, following a 3 per cent. addition of 
aluminium to a pot of manganese copper, which was 

















FiG. 15—STEEL WEDGE AFTER BRAZING 


being used for experimental work. After ensuring 
that the addition had been made correctly, and the 
temperature of the metal was high enough, it was 
thought that the trouble must be due to oxidation 
of the aluminium by the flux, thus forming a crust 
of alumina, intermixed with borax and metal. This 
supposition was shown to be true, by carrying out a 
simple laboratory experiment. On plunging pieces 
of aluminium under molten borax in a crucible, the 








of brass considerably, although its ductility suffers, 











metal first melted, then quickly thickened, becoming 
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FIGs. 16 AND 17~BRAZING OF STEEL WEDGE 
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Hence it 


a solid spongy mass within a few minutes. 
is not feasible to add aluminium to an alloy melted 
under borax. 

Mention has already been made of the mechanism 


used for performing the brazing operations. Altera- 
tions in the design of the cams used were made at 
the beginning of this year. At this time only one cam 
was used for all the usual types of segments, varia- 
tions of the dipping times being accomplished by the 
use of two pulleys of different diameters, and by 

















FIG. 18-STEEL WEDGE AFTER DIPPING IN BORAX 
completing two revolutions of the cam for the larger 
segments. The shape of the cam was such as to give 
the following dipping times :—~ 

_Borax. 


Borax. Borax. 


| } 
Brass, | 


30° 


Borax. 
at enn 
Brass. | 


2’ 25” 


20° 
10” 15” 
-— Total, 44 ———__—- -— - - 


The design of this cam seemed to be unnecessarily 


Section of Segment A 40. 


and the time taken for them to attain that tempera- 
ture recorded by a-stop watch. This state was 
easily observed visually by withdrawing the sections 
just above the borax and noting any colour difference 
between the sections and the flux. All segments were 
divided into three classes according to size, for allot- 
ment of correct brazing times. For the purpose of 
the above experiment, the largest size of segment in 
each class was taken. The results are shown below, 
together with the old brazing times :— 





TaBLe IV. 
| No. of | Dimensions, | | Time to 
Section. sections | width xheight | Old timie| reach 
per x length. | (total). | borax tem- 
segment. | | perature. 
| | Min. 
640 S. 12 0-53in.x fin. | 4 min. | 3, 3}, 35 
x 44in. | (1 rev.) | 
650 S.E.T.| 10 =| O-747in.x lin. | 6min. | 5, 54, 5} 
| x 4hin. | (1 rev.) 
500 S. 16 1-297in. x Ifin. | 12 min. | 84, 84 
x 114in. | (2 rev.) 


As a result of this test new cams and pulley wheels 
were made, of simpler design than previously used, 
allowing the segment to remain in the borax for the 
requisite time, then to be lowered into the brass, and 
finally withdrawn. 


REMOVAL OF Borax. 


After brazing, the segments are covered with a 
coating of borax glass. To remove this, the seg- 
ments used to be boiled in a caustic soda solution. 
This solution was obviously useless for the purpose, 
borax itself being alkaline in nature. This was 





clearly demonstrated by the time taken to accom- 








Section of Segment A 53. 





restrainer added. The blades were slightly etched. 
and after completion of the usual routine in the blade 
shop (i.e., pickling in 10 per cent. hydrochloric avid, 
and finishing in electrolytic vat), it showed deep 
attack. 

(3) Three per cent. hydrochloric acid with restrainer 


1 Plate Mild Steel: 1 Plate Stainless. 
Dipped in Borax at 1050°C for 5 Mins. 
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FIG. 19—STEEL WEDGE DIPPED IN BORAX 
was tried, but was not so effective in removing the 
borax, and attacked the blades to « greater extent. 

(4) A pickle in boiling 3 per cent. nitric acid with 
restrainer cleaned a segment in 7 minutes, without 
any attack on the blades. 
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Section of Segment A 60. 
Showing 
Thickness of Brazed Joints 
“A” = Concave Side of Blade 
“B"=Convex " " 
Temperature of Borax 1000°C 
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Section of Segment A 65. 


Thickness of Brazed Joints 
“A” = Concave Side of Blade 


Temperature of Borax 950°C 
Tensile Strength =7:14 Tons per Sq. In. 
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FIGS. 20, 21, 22 AND 23—SECTIONS OF EXPERIMENTAL SEGMENTS AND SPACINGS AT EACH JOINT 


complicated. It was considered that only two opera- 
tions were necessary :— 


(1) The segments to be immersed in the flux for 
a sufficiently long period as would enable them to 
attain the borax temperature. 
(2) To be then lowered into the brass, and held 
_ until all the borax had been replaced by the 
Tass. 


This latter time was considered to be compara- 
tively short, and 30 seconds was deemed to be suffi- 
cient in all cases. Experiments were performed in 
order to ascertain the borax times. Mild steel 
sections were strung together, in number corre- 
sponding to a typical segment used in practice. These 
were immersed in the borax at about 1050 deg. Cent., 





plish this process, the segments being 24 to 48 hours 
in the bath before the borax was dissolved. Treat- 
ment with an acid bath would appear to be the most 
suitable procedure. The following experiments were 
undertaken in the laboratory to determine the most 
suitable pickling solution. 
(1) Similar-sized pieces of borax were boiled in 

3 per cent. sulphuric acid, 5 per cent. caustic soda, 
and water, with the following results :— 

3 per cent. sulphuric acid Borax dissolved in ? hour 

5 percent. caustic soda.. After four days borax prac- 

tically unattacked 


After four days borax prac- 
tically unattacked 


Water 


(2) A segment covered with borax was boiled in 
3 per cent. sulphuric acid with 0-1 per cent. organic 








Hence this last procedure was suggested as the best 
method to be used. 


BRAZING OF EXPERIMENTAL SEGMENTS. 


Within the last few months a large number of 
experiments have been carried out, consisting of 
brazing actual segments, in order to determine the 
conditions necessary for good brazing. Originally, 
the segments were built up as in practice, except that 
the sections were not ‘“‘ backed off” (hence the seg- 
ments were straight instead of being curved), and 
shrouding was omitted. 

After brazing, the segments were broken by support- 
ing them on knife edges, and applying a central load, 
usually on the outlet side. The breaking load thu; 
applied, gave a measure of the brazing strength. 
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With this test the strength of the brazed joint varied 
with the position of any flaw, such as a borax inclu- 
sion, and also with the side on which the load was 
applied. The procedure was revised later, the roots 
being subjected to a tensile test. For this purpose, 
only the two end blades of each segment were 
retained, the intervening ones being only slightly 
longer than the packing sections. These end blades 
were cut off before the tensile test was carried out. 

A non-destructive electrical test was also carried 
out on each segment prior to breaking. This con- 
sisted of passing a current of 100 amperes through the 
roots and measuring the milli-volt drop across them. 
A fairly constant figure was recorded, except in such 
segments as contained badly brazed joints (due to 
large borax or gas inclusion). In such cases the milli- 
volt drop was greatly increased, due to the high 
resistance of the inclusions. 

A number of experiments were carried out on these 





lines varying the thickness and method of spacing 
between blade and segment. This spacing was accom- 


Section of Segment A 68. 
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A second experiment was carried out using plates 
having a depth comparable with the actual sections 
brazed. Two wedges were made, l4in. deep, one com- 
posed of two mild steel plates, and the other having 
one plate Of stainless iron. These were secured by 
one rivet at the closed end, while the open end was 
fastened by spot welding on the outside edge. The 
plates were thus allowed to expand freely and prac- 
tically no warping took place. The results of this 
experiment, as shown in Fig. 17, are in good agree- 
ment with the previous one, no appreciable difference 
being noted by the introduction of a plate of stainless 
iron. In both these experiments, it was noted that 
the brazing was satisfactory from the limit where the 
brass ran out to the very finest spacing at the closed 
end of the wedge. The maximum thickness of brass, 
as recorded by these experiments, is in good agree- 
ment with results obtained in brazing actual seg- 
ments. Sections of brazed segments showed that the 
brass had run out when the spacing exceeded 0-032in., 
the results from these experiments giving the figure 
0-030in. for a depth 
similar to the sections. 

A third experiment 
was carried out with a 
wedge similar in design 
to the last, beng com- 
posed of one plate of 
stainless iron and one of 
mild steel, the object 
being to determine the 
behaviour of the flux. 
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The rivet was replaced 
by a bolt, so that the 
wedge could be opened 
up after dipping, This 
wedge was immersed in 
the molten borax at 
1050 deg. Cent. until it 
attained that tempera- 
ture (5 min.). On 
separating the plates, 
the borax remained 
adhering to the mild 
steel, the position of 
which is shown in Figs. 
18 and 19. In this case 
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FIG. 24—SECTION OF SEGMENT AND 


plished by the introduction of wire or brass foil, and 
by making “pop” marks or rolling ridges on the 
sections. The results of numerous experiments 
carried out on these lines, the maximum spacing 
being approximately 0-Olin. were rather poor and 
very erratic. It was then decided to increase the 
spacing to its maximum limit, t.e., when the brass 
would run out. This was not found to happen until 
spacing of the order of 0-04in. was introduced by 
means of ridges. The spacing actually present, 
however, varied within wide limits, so that the above 
figure was found to be inaccurate. As the spacing 
was increased to this limit, so the tensile strength of 
the brazing was increased, giving 11 to 12 tons per 
square inch, with 0-03in. spacing. It therefore 
appeared that spacing of this order would be necessary 
to effect reliable brazing. 

In order to measure the maximum spacing accu- 
rately, a series of experiments was carried out in the 
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FiG. 25—VARIATION IN THICKNESS OF JOINT 


laboratory with steel wedges, the principle being 
similar to that of the well-known method of measuring 
surface tension of liquids with a wedge of glass plates. 
For the first of these experiments, two plates of mild 
steel, jin. thick and 4in. square, had one surface 
ground plane. The plates were riveted together to 
form a wedge-shaped air space between them, being 
kept apart at one end by a steel wire of 0-06in. 
diameter. This wedge was brazed in the electric 
furnace according to the normal procedure, the joint 
being subsequently examined by cutting into hori- 
zontal strips and polishing the cut faces. Fig. 15 
shows the appearance of these strips. The maximum 
thickness of brass at each section was measured 
accurately by means of the metallurgical microscope, 
measurements being taken at 625 diameters magni- 
fication on a screen. The results are shown in Fig. 16. 
The form of the curve showing the maximum spacing 
is affected somewhat by the warping of the plates 


during brazing. 





the maximum thickness 
was calculated from the 
position of the borax, 
assuming no warping to 
have taken place. The results show that the borax can 
remain in a wider spacing than the brass, as would be 
expected from its more viscous nature, but it was 
also found to have penetrated to the smallest spacings. 

It would appear from the above experiments that 
good brazing could be produced with any spacing 
up to the limit where the brass runs out, although 
this has not been found to be the case in practice. 
Hence it appeared that some other factor might be 
responsible for the flaws met with in practice. 

A vertical section of a segment which was designed 
to give 0-03in. spacing was polished and examined 
with a microscope in an attempt to find the cause of 
any flaws present. Fig. 20 shows the appearance of 
this segment, together with the actual spacings at 
each joint. The following points were noted regarding 
the numerous flaws present. Inclusions were found 
to be present where the spacing was excessive in 
accordance with the above wedge experiments. 
These were found to be mostly filled with borax. 
Inclusions also occurred, however, where the spacing 
was small, and these appeared to take the form of 
clean holes, typical of gas inclusions. It therefore 
appeared that some gas was being trapped in the 
brass at these joints. 


SPACINGS 





The vapour pressure of molten 70/30 brass rises 
rapidly with increase of temperature (chiefly due to 
the zinc present), being 200 mm. at 1000 deg. Cent., 
and 760 mm. at 1140 deg. Cent. This particular 
segment was brazed with a borax temperature of 
1050 deg. Cent., the temperature of the brass being 
40-50 deg. Cent. above this. Thus the vapour pres- 
sure of the brass would be considerable, and it seemed 
probable that part of the escaping zinc vapour might 
be trapped in the narrow spacings between the blades 
and sections. A segment which had been brazed 
with manganese copper, on being similarly examined, 
showed no flaws of this type, which gave some weight 
to the theory. 

A series of similar segments were then brazed with 
a borax temperature of 1000 deg. Cent. Fig. 21 shows 
a section of one of them. This showed a marked 
improvement as regards the above defects. The 
rather poor tensile strength was probably due to 
the excessive size of the spacings on the concave 
edges of the blades, as a further series, brazed under 
similar conditions, with altered spacings, gave very 
good results. A section of one of these segments is 
shown in Fig. 22. The effect of still further reducing 
the temperature of the brass was found by brazing 
a series of segments with a borax temperature of 
950 deg. Cent. Fig 23 shows one of these segments. 
The low-tensile figure and the appearance of the joints 
points to this temperature being too low for effective 
brazing of stainless blading. Hence it appears that 
a borax temperature of about 1000 deg. Cent. is the 
best for the brazing of these segments. 

With regard to the spacing necessary between blade 
and section, the tensile results from the numerous 
experiments carried out show that the wider the 
spacing the stronger the joint up to the limit where 
the brass runs out. This appears to occur when the 
spacing exceeds 0-032in. Difficulty has been found, 
however, in preparing segments having uniform pre- 
determined spacings. This is chiefly due to the fact 
that the sections, as at present manufactured, are 
similar in contour to the blades. Hence separating 
them by a definite spacing results in unequal thick- 
ness of the joint, as measured perpendicular to the 
faces, as is illustrated in Fig. 25. Also, in assembling 
the sections it is difficult to prevent any movement of 
the blades, relative to the sections, which appreciably 
alters the spacings. This is illustrated by the varia- 
tion in the thickness of the joints in any of the seg- 
ments shown. The joints on the convex sides of the 
blades are always much thinner than those on the 
concave sides. The introduction of a central ridge, as 
in segment A.68 ( Fig. 24), appears to have increased 
the thickness on the convex sides satisfactorily. 

Fairly definite conclusions may be drawn, however, 
from the information obtained by the above experi- 
ments. The temperature producing the best brazed 
joints appears to be about 1000 deg. Cent. for the 
surface of the borax. Temperatures below this are 
evidently too low to braze stainless iron effectively, 
whilst above this the greater evolution of zine pro- 
duces defects from gas inclusions. The most satis- 
factory spacing appears to be about 0-025in., and 
attempts should be made to maintain this uniform on 
both sides of the blades. With spacings much less 
than this, any inclusions, both gas and borax, have 
less opportunity of being expelled, whilst with 
larger spacings, there is danger of the brass running 
out. 

It may be pointed out, however, that the tensile 
strength of any of the segments in this series of experi- 
ments is quite satisfactory for their use in turbines, 
and from the final conclusions arrived at when this 
research is completed, it should be possible to manu- 
facture segmental blading of a very high order of 
efficiency and reliability. 
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QueEsTION VI: GEOTECHNICAL STUDIES OF 
FOUNDATION MATERIALS. 


a reports were considered at the session 
of the Congress on September 10th, when geo- 
technical studies was the subject for discussion, 
Professor Glennon Gilboy, of the Massachusetts 
Institute of Technology, being in the chair. The 
British report is by Mr. C. E. N. Bromehead, of the 
Geological Survey, and is prefaced by a foreword by 
Dr. Bernard Smith, the Director of the Survey, whose 
recent death at a relatively early age is deplored. 
In this paper, “ Geology of Reservoir Dam Sites,” 
the effect on dam construction of porosity, joints, 
faulting, and other disturbances in solid rocks is 
discussed, as well as the character and distribution 
of drift deposits. The author gives numerous 
examples of reservoirs where difficulties encountered 
in the foundation strata have either been successfully 
overcome or, on the other hand, have led to failure. 
The importance of exploratory boring, when the 
conditions cannot otherwise be determined by a 





competent geologist, is stressed, and attention is 
drawn to the knowledge available through the services 
of the Geological Survey. The instances cited by 
Mr. Bromehead emphasise the importance of careful 
exploration of all dam sites before the completion of 
the final designs of a proposed work. 

Messieurs C. and M. Schlumberger (France) con- 
tribute a paper, “ Application of Electrical Prospect- 
ing to the Study of Dam Sites.”” In the last few years 
electrical prospecting by resistivity measurements 
has been applied to the study of the ground at dam 
sites. The authors say that within their knowledge 
over thirty surveys have been carried out in the 
United States, Canada, and North Africa. This 
application of electrical measurements is due to the 
fact that compact rocks, such as granite, have high 
resistivities, whereas the unconsolidated forma- 
tions usually constituting the overburdens have 
much lower resistances. The method used is simple, 
the equipment light, and the measurements can be 
made by one engineer and two or three unskilled 
helpers. A map of the resistivities at a constant 
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depth may be drawn up (in the case of a general 
survey), or electrical soundings made giving at each 
station the depth of the bedrock. In the first case 
a surface of 50 acres can be surveyed per day, and 
in the second an average of four soundings made 
per day. The authors describe several examples of 
surveys made, including the site of the Sarrans dam 
on the river Truyére (France) ; electrical soundings 
at Littleton, on the Connecticut River, U.S.A.; and 
at the Morrisburg dam, on the St. Lawrence River, 
Canada, where fovr wells were afterwards sunk to 
check the accuracy of 101 soundings. These proved 
the accuracy of the electrical method within an 
average error of 6-4 per cent. At the site of the Ariel 
dam, Washington, 256 soundings were made in 
seventy days. Check holes sunk subsequently showed 
an average error in the electrical soundings of less 
than 5 per cent. The principal advantages of the 
electrical method, the authors say, are that it is 
quick and economical. “ It is thus possible to cover 
a large surface by closely-spaced measurements form- 
ing an almost continuous network, which obviates 
the dangers of interpolation between mechanical 
drill holes necessarily more or less apart. The method 
is particularly useful in preliminary studies when the 
chief aim is to get a general idea of the underground 
structure.” The electrical method does not do away 
with exploration by drill holes; it merely serves to 
guide them and also reduce their number. 

Professor Maurice Lugeon, of Lausanne Univer- 
sity, in his paper on “ Geotechnical Studies of Founda- 
tion Materials,”’ calls attention to the special diffi- 
culties usually associated with rock foundations of 
different characters, and describes the geological 
structure of the ground at the sites of the Sarrans 
and Sautet dams recently completed in France. 

Mr. Karl Sundberg (Sweden), who is the general 
manager of the Swedish Rock Drilling Company, con- 
tributes a paper, entitled “‘ Determination of Depth 
to Bedrock,’’ in which he refers briefly to such 
methods of exploration as core drilling and other 
forms of trial bore-holes. The main part of his 
report is devoted to seismic and electrical methods 
of sounding to bedrock, particularly the latter. His 
description of electrical methods should be compared 
with that of Messieurs Schlumberger, and covers 
much the same ground. Mr. Sundberg says that the 
accuracy of electrical soundings varies within 5 and 
10 per cent. Under normal conditions, an average of 
five determinations per day may be obtained. 

Mr. J. Olsson (Sweden) describes a ‘‘ Method for 
Taking Earth Samples with the Most Undisturbed 
Natural Consistency,’’ used for some years by the 
Swedish State Railways. The tool is called a ‘‘ piston 
borer,”’ and consists of a cylinder in which a short 
piston is fitted. The piston serves to close the bottom 
of the cylinder in sinking, and when the tool is being 
raised seals the top of the cylinder and prevents 
the sample from being “ sucked out.” 

Professor M. M. Grischin, of Moscow (U.S.S.R.), 
discusses at length methods of determining the 
physical characteristics of rocks and softer strata 
and of assessing relative values. 

Messrs. Y. Morokawa and T. Iwaoka (Japan), in 
“Examples of Dam Construction Contributing to 
the Geotechnical Study of Foundations,” describe 
two examples of dam construction in Japan, with 
special reference to the investigation of the founda- 
tions and the prevention of percolation. One is the 
Senzu concrete gravity dam completed in 1935 and 
the other the Seidai earth dam -completed this year. 
In the case of the former, the presence of much 
fissured paleozoic clayslate made necessary exten- 
sive grouting of the bedrock, and at Seidai 12,571 
lineal feet of bore-holes were drilled in the pervious 
rock beneath and near the core wall of the dam and 
grouted with cement; 650 tons of Portland cement 
were used for this purpose. 

Herr J. Ehrenberg and Dr. Bruno Tiedemann 
(Germany) discuss various aspects of the question, 
but give emphasis to physical and chemical studies 
and tests and to classification of the characteristics 
of foundation materials. The German paper is a 
long one and well illustrated ; still longer is that from 
Algeria, the authors being Messieurs Drouhin and 
Martin, of the Service des Ponts et Chaussées. The 
paper illustrates the methods and problems of geo- 
physical studies by a detailed discussion of conditions 
encountered at three dams in Algeria. In two of the 
cases discussed the series of tests made led to consider- 
able changes in the original designs. The multiple- 
arch dam of Béni-Bahdel has its foundation on inter- 
bedded sandstones and compressible shale, which is 
apt to slide. The loose rock dam of Bou-Hanifa is 
built on pervious material comprising cross-bedded 
and faulted sands and sandstones liable to displace- 
ment ; as a part of its design was a water-tight con- 
crete core wall 70 m. deep, carried down to impervious 
marl beds. Tests made on these marls showed that 
they are very compact, but are subject to elastic and 
permanent deformations. The core wall, being 
integral with the adjoining soil materials, will follow 
these displacements and would be subjected to 
strains which it could not resist. Its design was 


therefore modified in several particulars, including 
the division of the wall into sections 15m. to 20m. 
long, separated by water-tight joints of a special type 
allowing relative displacements, and the provision 
of reinforcing steel in the lower part of the sections. 


tion of drills is difficult, or in cases where information is 
needed more quickly than can be obtained by drilling. 
Geophysical results are not as precise as drilling, but 


which the 


, * piping,” 
exhaustive tests made on the site indicated as being 


underground erosion and 


one of the main difficulties to be met. The work 
involved cement grouting on a very large scale, the 
cost exceeding 50 million francs. 
The Ghrib rock-fill dam is built on foundation 
materials consisting of friable, pervious sandstones 
overlying marls of poor quality. Here again pre- 
liminary exploration by means of all available forms 
of field test and laboratory experiments showed the 
necessity of waterproofing injections of cement on a 
large scale at a cost of 50 million francs. The dam is 
now being filled and the results have so far been 
entirely satisfactory, the total leakage being not more 
than 2 litres per second. The well-illustrated paper 
gives full details of the laboratory and geophysical 
tests applied. 
Dr. F. Pagliaro (Italy) attempts a classification of 
foundation materials followed by a summary of geo- 
physical methods of exploration now employed in 
Italy and a discussion of the respective values of 
silicification and cementation by means of injections. 
Finally Mr. W. J. Mead, Professor of Geology at 
the Massachusetts Institute, contributes a report 
which is a summary of modern American practice in 
geotechnical investigations (“‘ Emgineering Geology 
of Dam Sites’’). The author begins with a dis- 
cussion of exploration methods, including surface 
mapping, exploration excavations, core drilling 
methods, sampling and records, churn drilling and 
wash boring, their possibilities and limitations, and 
the use of core borings of sufficient diameter to permit 
entrance to and inspection of the bore-holes. The 
application of electrical and seismic geophysical 
methods in dam site exploration is discussed. The 
use of models of various types as an important 
adjunct in the interpretation of exploration data is 
suggested. A specially interesting part of Professor 
Mead’s paper is his description of the large-diameter 
core drill holes recently sunk at the sites of several 
important American dams. These core drills are of 
sufficient diameter to permit of a man entering the 
drill hole to examine the strata exposed at any level. 
They have been employed by the T.V.A. at several 
sites, including that of the Norris dam; and by the 
corps of engineers at Tygart River dam and Bluestone 
dam, in West Virginia, and at Fort Peck dam in 
Montana. Similar holes are to be sunk at the Possum 
Kingdom dam in Texas. The author says “it is 
evident that these large-diameter holes have become 
an accepted method of exploration.”” The second 
section discusses the geological features of dam sites 
in various types of rock with particular attention to 
problems of bearing strength and elastic properties, 
resistance to sliding, leakage beneath or around the 
dam, and preparation of foundation. Particular 
attention is given to limestone shale and shale founda- 
tions, with emphasis on the great care necessary in 
the preparation of shale foundations for masonry. 
The third section deals briefly with the significance 
of geological factors in foundations of earth dams, 
particularly those founded on alluvial deposits. 
The rapporteur, Mr. I. B. Crosby, of Boston, in an 
excellent summary of the subject, refers to the broad 
scope of the “ Question.” ‘‘ A geological investiga- 
tion of a dam site,’ he writes, ‘‘ begins with a detailed 
study and geologic mapping of the site, from which 
information geologic sections and, in some cases, 
transparent models are prepared. Test pits and drill 
holes, especially core borings, have long been valuable 
tools for the geologist. ... More recently geophysical 
methods have become recognised as an additional 
tool, especially valuable in preliminary investigation 
of dam sites. Water pressure tests in drill holes often 
give valuable information about the condition of the 
rock.” 
The data given by these methods and tools do not 
in themselves serve the practical problems, but must 
be correlated and correctly interpreted. The 
rapporteur emphasises the necessity of expert geo- 
logical advice. ‘* Rule-of-thumb methods cannot 
be developed for this work, and the use of generalisa- 
tions and classifications as laws of universal applica- 
tion are dangers to be guarded against.’ On the 
subject of geophysical investigations Mr. Crosby says 
“several types of geophysical prospecting are useful 
in the study of dam sites, and one or more of seven 
different methods are discussed by six of the authors. 
The methods mentioned as being of value are 
the electrical, seismic, gravity, magnetic, radio- 
active, thermic, and acoustic methods. Their prin- 
cipal use has been in determining the depth to solid 
rock without drilling; but it has been possible to 
differentiate between layers of clay and sand in the 
overburden by the electrical resistivity method, and 
several of the methods have succeeded in locating 
faults and giving information about the geologic 
structure. The electrical resistivity method has been 
the one most used in determining the depth to solid 
rock, but the seismic method is also of value in this 
respect. Leaks from reservoirs have been located by 
acoustic methods.... Geophysical methods have 
become most useful tools for the study of dam sites 
under certain conditions, especially in preliminary 
investigations for selecting the most favourable of a 
number of sites, and in regions where the transporta- 





problem, and to aid in planning detailed investi- 
gations.” 

Permeability tests may be useful on any kind of 
rock and should determine the average permeability 
of the rock in the ground and not the permeability of 
a specimen. This, the rapporteur says, is best done 
by water tests on drill holes. 

In the course of the discussion of Question VI 
Mr. W. Fellenius, jun. (Sweden), described an instru- 
ment of piston type for securing undisturbed samples 
of soft soils; Monsieur A. Mayer, referring to the 
compressible foundations of the Ghrib dam in 
Algeria, said that the observed settlement agreed 
almost precisely with that computed from studies of 
the soil properties. Monsieur Drouhin added to the 
information already given in his paper some interest- 
ing particulars of the Algerian dams. Others who 
took part were Mr. James Williamson (Great Britain), 
Professor Rehbock, of Carlsruhe, and Herr O. 
Henninger (Germany). 


CALCULATION OF THE STABILITY 
or Eartuo Dams. 


QuEsTION VIL.: 


The last of the ‘‘ Questions’ at the Congress on 
Large Dams in Washington was “Calculation 
of the Stability of Earth Dams,”’ which was discussed 
on September 8th at the National Museum, where 
all the ordinary meetings of the Congress were held, 
under the chairmanship of Brigadier-General G. B. 
Pillsbury, Assistant Chief of Engineers, U.S. Army. 
Of the fifteen papers submitted, nine are devoted 
exclusively to the subject of slopes of the dam. Most 
of the papers are mathematical in character, and 
do not permit of a brief summary. On the subject 
of stability of slopes Major F. Jonson (Sweden) 
and Messieurs D. R. May and J. H. A. Brahtz 
(U.S.A.), in their papers, obtain a solution by an 
original mathematical treatment of stresses. Exact 
solutions are not claimed, but, as the rapporteur, 
Mr. W. P. Creager (U.S.A.) suggests, “‘ the authors 
have advanced new thoughts which will undoubtedly 
prove to be a great stride in the practical advance- 
ment of the subject.” The eight other papers treating 
of stability of slopes conform to the method of the 
‘““most dangerous sliding plane.” Monsieur Jean 
Frontard (France) uses a cycloidal plane, but the 
other seven authors adopt the cylindrical surface, 
although mention is made in some cases of the possi- 
bility of using other types of planes. Dr. Gilboy, 
in a paper of much practical interest, concludes his 
summary of methods of design in the following words : 
—-‘‘In some cases the whole general outline of the 
embankment will be governed by the characteristics 
of the foundation. In other cases slight modifica- 
tions in design will provide important protection at 
weak points. In still other cases, a lengthening of 
the construction period will be found advisable, to 
allow an otherwise inadequate foundation enough 
time to build up the necessary strength. The 
methods [of design] now available are only approxi- 
mate, and their use should be tempered with 
sound judgment. Mathematical analyses and photo- 
elastic measurements both reflect the characteristics 
of idealised materials, and it is difficult to say how 
closely the results are duplicated in actual soils. 
Artificial compaction of any marked intensity 
undoubtedly produces unfavourable foundation 
stresses, the magnitudes of which are still unknown 
quantities. More extensive investigations of these 
and other obscure points are needed. Observations 
on actual embankments are of particular importance, 
and for this reason an adequate system of reference 
points should be installed at the very beginning, 
so that deformations during construction and after 
completion may be measured and compared with 
the anticipated values.” 

Dr. Gilboy’s resulting equations indicating the 
strength of dam foundations are simple and may be 
summarised thus: “For a symmetrical triangular 
embankment on a layer of weak soil, mathematical 
analysis leads to the following rough rule :—-The 
shearing strength of the layer should exceed the 
smaller of the two values (a) one-quarter the 
maximum pressure, or (b) the maximum pressure 
multiplied by the ratio of thickness of layer to base 
width of embankment. This rule is based on vertical 
load. If large horizontal components exist, as in 
a heavily rolled dam, a substantial allowance must be 
made.” 

Mr. T. T. Knappen, Chief of the Engineering 
Division, Zanesville, Ohio, in a comprehensive paper 
on the design of earth dams, mentions an unusual 
incipient failure of a dam foundation, which he 
attributes to forces due to excessive rolling of the 
embankment. There seems to be more than a possi- 
bility that this failure has a direct connection with 
the stresses of unknown quantity set up by com- 
paction to which reference is made by Dr. Gilboy. 
Mr. Knappen’s treatment of the design of slopes 
does not include the effect of seepage forces, and in 
this respect differs from the other papers presented. 
Messrs. D. R. May and J. H. A. Brahtz, of the Bureau 
of Reclamation staff, Denver, are responsible for the 
third paper from the United States to which we 
have already referred. The authors’ mathematical 
treatment of the subject evoked the attention of 
several speakers in the highly technical discussion 
of the papers. 








Precautions were also taken at Bou-Hanifa to combat 





are valuable to give a general understanding of the 





Professor Fellenius, in his paper, rivals Mr. Brahtz 
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in the skilful use of mathematical theory. He is 
bolder than Dr. Gilboy in recommending a factor 
of safety for use with certain formule of shearing 
strength, whereas the latter states that the factor 
of safety to be applied to foundation problems is 
mostly a matter of judgment. 

Dr. F. Pagliaro, of the Italian Bureau of Dams, 
pays special attention to the constitution and suita- 
bility of materials for earth dams and to descriptions 
of laboratory tests of materials. Herr J. Ehrenberg 
(Germany) is the author of a long paper which 
includes cross sections of some recently constructed 
earth dams in Germany; and Dr. A. Myslivec 
(Czechoslovakia) discusses the effect of rolling the 
soil in dams. 

The first of the papers from France, that by 
Monsieur Jean Frontard, deals with the stability of 
dam slopes. The author’s treatment is mainly mathe- 
matical. He calls attention, as does the author of 
the second French paper, to the particularly danger- 
ous condition to which upstream slopes of dams are 
sometimes subjected. The second paper, by Monsieur 
A. Mayer, deals in the main with an investigation of 
earth dams in France, undertaken by the Ministry of 
Public Works and the Soil and Foundations Labo- 
ratory as a result in some measure of the discussion 
of earth dams at the First Congress on Large Dams 
at Stockholm in 1933. Particulars of the investiga- 
tions made at four dams—those at Grosbois, Charmes, 
Wassy, and Cercey—are at present available, and are 
set out in some detail in this paper. In all of them 
slides in the upstream face had occurred as the result 
ot rapid drawdown of the reservoir. The studies 
made considered the use of the circular plane of 
sliding. The results of the calculations by this 
method were compared with the conditions found at 
the respective dams which had failed, and this 
indicated a satisfactory substantiation of the theory. 
The author is of opinion that a study of the conditions 
of stability of a number of French earth dams would 
show that they would not offer effective resistance in 
case of rapid and complete discharge. 

Messrs. C. Brodowski and E. Jeuch describe eighteen 
earth dams built by Swiss engineers which so far have 
completely sufficed their purpose. 





The first of the papers from Japan, by Messrs. 
Takata and Kambara, is a study of the effect of water 
seeping through a dam as affecting stability ; the 
other, by Messrs. Mononobe, Takata, and Matumura, 
gives the results of the theoretical analysis of the 
seismic stability of earth dams and a comparison 
of this analysis with the results of experiments on 
models. 

Two mathematical papers come from Russia; one, 
by Mr. R. R. Chugaev, of the Institute of Hydro- 
technics, Leningrad, analyses the stability of dam 
slopes by a method differing from that commonly 
employed, but apparently he obtains the same 
results. The difference consists in an unique method 
of combining the usual forces of gravitation, buoy- 
ancy and seepage friction. Mr. A. I. Ivanov is the 
author of the second paper from the U.S.S.R., which is 
a presentation of the principles involved in the study 
of the stability of earth dams, under the assumption 
that sliding takes place along cylindrical surfaces 
with circular sections. He claims to have intro- 
duced certain simplifications in the ordinary methods 
of calculation of dam slopes and the hydro-dynamic 
pressure of seepage water. 

In the course of the discussion, Professor Fellenius 
and Mr. Brahtz were among those who contributed 
to the mathematical treatment of the subject. 
Monsieur Mayer mentioned that all failures of earth 
dams in France that had occurred in the past had been 
connected with earth slides following the rapid lower- 
ing of the water level. He urged the need of further 
investigation of the stability of the upstream slopes 
of existing earth dams in al! countries. Among other 
speakers were Mr. Creager, Dr. Gilboy. Monsieur 
Frontard, and Mr. N. G. Gedye, who pointed out 
that nearly all the papers under discussion contained 
intricate mathematical solutions of problems of 
stability which assume a homogeneous material. He 
suggested that it is questionable whether dam builders 
normally find material for their dams so entirely 
homogeneous as to be susceptible of elaborate mathe- 
matical treatment without risk of error of such a 
magnitude as to detract seriously from the value of 
the result, a view which finds some support from 
Dr. Gilboy’s paper. 








The Structure of the Crystal Palace. 


— 


HE demolition of a great engineering achieve- 

ment is usually attended by problems hardly 
less difficult of solution than those that had to be 
faced when the original construction had to be begun. 
Notable imstances in recent years have been the 
demolition of the Great Wheel at Earl’s Court and 
the taking down of Waterloo Bridge. There are, 
however, three agencies that are wont to destroy 
man’s work without regard to any sort of risk of 
accident, loss of life, or the inconveniences that arise 
from catastrophes. Man can, and does, provide 
considerably against disasters to engineering works 
from the wind, but in the end he is helpless when 
earthquake, flood, or fire attacks his structures and 
beats down his defences. 

The last of these three wrecked a unique engineer- 
ing feat of the Victorian era on November 30th when 
the Crystal Palace at Penge, Kent, was the scene of 
a fire which has reduced to ashes the structure Joseph 
Paxton built in 1851 for the accommodation of the 
** Great Exhibition of the Works of Industry of all 
Nations” in Hyde Park. The occasion suggested 
some inquiry into the beginnings of the scheme, which 
owed its inception to Prince Albert, the Queen’s 
Consort. 

From sources that are wellnigh forgotten after a 
period of eighty-five years we have reconstructed 
something of the story. The first practical step was 
taken in 1849 when the Prince Consort was the 
President of the Society of Arts, a body which had 
earlier arranged exhibitions in the interests of art, 
science, and industry. Lord Mayor Farncomb held 
a banquet in the City at which the Prince Consort 
attended and spoke upon the proposals. Before the 
end of June the project was under way. There were 
meetings at Buckingham Palace and at Osborne. On 
the second occasion the Prince informed those present 
that he had opened negotiations with Sir Robert 
Peel and Mr. Henry Labouchere, the President of 
the Board of Trade. Before the end of July, 1849, 
matters had so far advanced that the Home Secretary 
was officially informed of the scheme, a step which 
brought it within the purview of the»Government. 
A meeting at Balmoral was followed by visits of a 
semi-official character to the manufacturing districts, 
and on January 3rd, 1850, Queen Victoria gave 
formal support to the project by appointing a Royal 
Commission to carry it into effect, and for once a 
Royal Commission wasted no time in aimless discus- 
sion—it got on with its work. 

The Commissioners appointed included Members of 
Parliament and of the Government, along with 


leaders in different walks of life, men like Sir Archibald 
Galloway (Chairman of the Court of the East India 
Company), Sir Charles Lyell, Thomas Bazley, Charles 





Barry, William Cubitt, Charles L. Eastlake, Sir John 
Lubbock, with Matthew Digby Wyatt as Secretary. 





The Commissioners at once set up a Committee | 


‘for all matters relating to the building.” 
body, the Chairman was William Cubitt, the then 


President of the Institution of Civil Engineers, with | 


whom—from the point of engineering—was asso- 
ciated Mr. Robert Stephenson, Mr. I. K. Brunel, 
and later Mr. Joseph Paxton. In response to an 
invitation, 241 designs were submitted, and then some 
delay occurred because the Commissioners could not 
come. to a decision. Paxton then put forward a 
plan, the original sketch for which, on a sheet of 
blotting paper, is on exhibition just now in the Central 
Hall of the Victoria and Albert Museum at South 
Kensington. Paxton had made a name for himself 
as a constructor of iron and glass houses at Chats- 
worth, where he had charge of the Duke of Devon- 
shire’s gardens. His original sketch was the subject 
of an engraving which appeared in the Illustrated 
London News of July 6th, 1850. Three weeks later 
the Commissioners adopted a tender, amounting to 
£79,800, from Fox, Henderson and Co., of Lion 
Works, Birmingham. This tender was amended 
when the design was altered. Fox, Henderson and 
Co. wasted no time; their contract was not signed 
until October 3lst, but they had the first of the 
columns fixed a month before that date. 

Seven months later the Exhibition was opened 
by the Queen in a building which was as complete 
as such buildings are on the day of inauguration. 
It was a notable feat, for the work entailed the pro- 
duction and delivery of 3500 tons of columns and 
other castings, nearly 600 tons of wrought iron 
structural work, 896,000 superficial feet of glass—its 
weight was 400 tons—and 600,000 cubic feet of timber. 
The total length of the fagade was 1848ft., the central 
nave was 72{t. wide and 6lft. high. Over this was 
the semi-cylindrical vault with which London has 
been familiar for eighty-odd years. The rest of 
the plan provided four galleries along two side 
avenues, and then outflanking these, aisles of lower 
height and arranged to provide bays which were 
24ft. each way. That dimension was in the main 
the unit of space for which the cast iron columns had 
to be provided. In what follows we reproduce some 
details and illustrations from sources published before 
the opening of the Exhibition. i 


THE Cast [ron CoLumns. 

Interest in details centre first in the cast iron 
columns which were square on plan with shaped 
corners and cored round. At the bottom of each was 
a base, the same section as the column proper, but 
terminating with a flat plate strengthened in, two 
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directions with heavy angle, while at right angles 
to these were two 6in. outgoes. These had spigot 
ends, their purpose being to connect with 6in. drain 
pipes, for the columns were designed to take the rain 
water that fell upon the glass roofs. These base 
castings, the height of which appears to have been 
about 3ft., were set upon concrete, the depth of which 
was determined as and when the holes were dug and 
the burden above taken into consideration. The 
depths varied between 2ft. and 4ft., and it was 
arranged that ‘‘ under no circumstances should a 
pressure greater than 24 tons per foot superficial 
be brought to bear upon the foundation,”’ The top 
of each base had a snug at the four corners to accom- 
modate the bolts with which the column was secured 
to it. The tops were set so that each stood 3}in. 
above the ground level, and bearing in mind the 
speed at which the work had to be carried through, 
it is worth noting that in no single case was it neces- 
sary to cast a special column or insert a packing 
flange or casting. The top of each base and the ends 
of each column were machined, and the records add : 
‘The two (columns and base plates) have been 
united [by] pieces of canvas only, cut to the exact 
form of the bearing surfaces and dipped in white 
lead... with a view to ensure the joints remaining 
perfectly sure and water-tight.” 

The columns are stated to have been “ 8in. in 
diameter,” and those springing from the ground line 
were 18ft. 54in. long. In view of the section, the 
word ‘ diameter ’’ seems a little less than accurate. 
The thickness of the metal varied with the duty 
placed upon the column, varying from jin. to as much 
as lfin. The top of each column was like the bottom, 
the notion being to make provision for a cap or other 
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detail in the shape of ‘a small and consequently 
easily modified casting,” in which the various girders 
might be “‘ securely retained and connected in all 
directions.” Looking back after eighty-odd years, 
and bearing in mind the taking down in 1852 and the 
erection of the “ Palace” in 1854 at Penge, this 
simple method of construction has been justified. 
It may be noted here that the columns, the girders, 
and other castings were made in the contractor’s 
own foundry with the help of A. and B. Cochrane, 
of Woodside Ironworks, Dudley, and another firm, 
set down as “‘ Messrs. Jobson of Holly Hall, near the 
same town.” These two founders appear to have 
been too busy to prepare anything for exhibition, 
but Fox, Henderson and Co. showed, among other 
machines, a derrick crane which ‘‘ was put into actual 
service lifting the heavy machinery around it [and] 
also in the construction of the building, and par- 
ticularly in unloading and testing the cast iron 
girders.” 
THE GIRDERS. 

These girders were used to support the floors of 
the gallery. They were 3ft. deep, tee section at top 
and. bottom, and stiffened with vertical struts and 
diagonal tees which were +- in section. Each girder 
was approximately 24ft. long, and the breaking stress 
was calculated at 30 tons. Every one was tested on 
the ground to 15 tons, except where special loads 
were expected. Then the sections were increased, 
and the proof load raised to 224 tons. As the sectional 
floors were completed, each was subjected to three 
tests. First the workmen were crowded upon the 
floor ‘‘as tight as they could be packed,” after 
which they were “‘ set to walk over it, run over it, 
and finally to jump upon it with all their force.” 
After that, a corps of Royal Sappers and Miners 
marched over it and then ‘marked time upon it 
in the most trying manner.”’ Not content with this, 
the authorities authorised ‘‘ Mr. Field, the late 
President of the Institution of Civil Engineers, to 
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devise a mechanical test, which took the form of an 
apparatus, by means of which it was possible to 


draw at a quick walking pace...a number 


verdict after each trial was satisfactory. 


Where the structure rose above those gallery 


sections, somewhat shorter columns were employed, 
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and cast iron girders were again used. These were 
similar in form and scantling, and when the design 
called for a. second tier, other cast iron girders, of 
slighter section, were used. There were, however, 
five avenues with 48ft. span, and the central nave of 
72ft., and here the cast iron girders were unsuitable 
for the roof trusses. Instead, wrought iron was 
employed, with a “few portions which are of cast 
iron acting only under compression.” These castings 
were struts or standards secured to the columns, 
and designed so as to receive the ends of the wrought 
trusses supporting them at the bottom, and retain- 
ing them in position at the top. At intervals along 
the truss, modified cast iron standards of cross 
section were riveted between the angle irons that 
formed the top and bottom. Two wrought iron 
angles at top had a sectional area of 3in., while those 
to form the base were larger. Diagonal wrought iron 
ties, flat in section, were riveted between the upper 
and lower twin angles. These 48ft. trusses weighed 
13 cwt.; each was subjected to a dead weight load 
of 10 tons, at which it deflected 3in., “‘ perfectly 
recovering its elasticity upon the removal of the 
weight.” 

For.the spans of 72ft., something different was 
designed. Apart from the extra width, these trusses 
had to carry the transept roof. The design of the 
smaller truss was preserved, but the depth was 
increased, the sectional area of the angles and diagonal 
members were increased; the cast iron upright 
standards at the ends and amid length, were of 
different pattern, and wrought iron vertical struts 
introduced between the castings. These big trusses 
were connected longitudinally by timbers at intervals 
of 8ft., which were fixed, not to the top of the truss, 
but to a box which ran the length of the trusses and 
served as a gutter for the rain water. The catchment 
of water provided a problem which Paxton solved 
himself. He had knowledge of the difficulties gained 
at Chatsworth, and had overcome them. Fox, 


Henderson and Co. made for him an improved 
machine with which a special section timber gutter 
was formed. There was a close relation between the 
pitch of the roof spans over the aisles and avenues. 
The gutters, it should be added, had to be diagonally 


of 
68-pounder shot, collected together so as to produce 
a uniform load of 100 1b. per foot superficial.”” The 





of these areas, and for that purpose semi-circular 
ribs extend from side to side, their ends being inserted 
into the hollow columns, whilst they are steadied by 
the insertion between, and at right angles to them, 
of stout timbers, 9ft. 2in. from one another, acting 
as purlins.”’ 

** The structure of the ribs is shown (on page 654). 
To quote from a paper descriptive of the building, 








Swain Sc 


ATTACHMENT OF GIRDERS 


read at the Institution of Civil Engineers on the 14th 
of January, 1851, ‘ they are made in three thicknesses 
of timber, cut into segments, 9ft. 6in. long, of a 
circle of 74ft. extreme diameter, the centre thickness 
being 4in. by 13}in., and the outer, or flitches, 
breaking joint with the centre, being 2in. by 13}in. 
The flitches are nailed to the centre thickness, and 
gin. bolts, about 4ft. apart, on the segment, traverse 
and bind together the three thicknesses. On the 
extrados, or outer circumference of the wooden arch 
thus formed, two planks serving as a gutter board, 
llin. by lin., and a bar of iron, 2in. by }in., are bent 
to the curve ; and on the intrados, or inner circum- 
ference, a piece of timber, 7in. by 2in., moulded to 


correspond with the form of the columns, and a bar 
of iron, 3}in. by #in., are also bent to the curve. 
Bolts, at intervals of 2ft. from centre to centre, 
passed through the depth of the rib, unite these 
additions to each other, and to the main rib, which, 
thus increased in scantling, measures complete 
lft. 6in. by Sin.’ In order to perfectly connect these 
ribs, so that any force exerted, by wind or other 
causes, tending to the displacement of any one of 





The roofs 


trussed, to carry the sag of a 24ft. span. 
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GIRDER SUPPORTING GALLERY FLOOR 


proper over the avenues and aisles were of wood and 
glass, and need not concern us here. 

We do not think that it is realised by many that 
the half-round roof which spanned the central nave 
was largely constructed of timber. The nave was 
more than 400ft. in length and 72ft. wide. “It was 
determined,” says the “Official Description and 
Illustrated Catalogue of the Great Exhibition, 1851,” 
published by authority of the Royal Commission, 
* that a semi-cylindrical vault should span the larger 








them, may be distributed over the whole mass, iron 
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rods have been set diagonally, forming a complete 
reticulation over, the whole inner surface of the roof. 
The main ribs are fixed spanning the transept, at 
intervals of 24ft. from centre to centre. Each of 
these 24ft. widths is divided into three parts, and at 
8ft. from one another, and from the main ribs, 
minor ribs are introduced. Between them again, but 
being semi-circles of larger diameter, are fixed small 
ribs of wood, which being connected with the main 





able as ridges. The space between them and the 
ribs is glazed and finished on the same system as 
that adopted in the flat roof of the building, the sash 
bars being set at an oblique angle, or ‘ herring-bone ’ 
fashion, in order to assist the conduction of the water, 
and prevent its lodging against the lower putty bed 
of each pane of glass over which it trickles. 

* Along the summit of this semi-cylindrical vault 
runs, from north to south, a narrow lead path, in 
order to afford access to the apex of the roof, and to 
provide a means of lowering down workmen to 
repair any damage that may possibly happen to it. 
As the quantity of water discharged from this vault 
must necessarily be considerable, it was deemed 
advisable that the 24ft. aisles on each side of it should 
be covered with lead flats, instead of the ordinary 
glass roofing. These lead flats presented also the 
further advantage of being so completely connected 
as to form solid abutments, steadying the feet of the 
ribs. In order to convey any pressure in the way of 
thrust that the ribs might exert, to those points best 
capable of resisting strain, horizontal trusses of 
wrought iron were constructed beneath the lead 
flats, consisting of bars capable of being keyed up 
at any time from the lead flats, and thus any tendency 
to movement on the part of any of the ribs would be 
immediately transferred either to the extreme north 
and south ends, where their feet are securely tied 
together by the cast iron girders which cross the 
transept at those points, or to the angles where the 
transept intersects the nave, and where the whole 
force of the vis inertie of the nave roof would serve 
as abutment.” 

Much might be added, but space forbids further 
reference to details. A Mr. Brounger undertook the 
task of setting out the plan of the building, and he 
seems to have used special poles of seasoned pine, 
each fitted with ‘‘ gun metal cheeks” at the ends. 
These were locked together, so that when assembled 
he had an accurate unit of length, 24ft. These gave 
him points from which to set out each area of 24ft. 
by 24ft. Then using some specially constructed 
right-angled triangles, with saw cuts in their shorter 
sides, stakes were driven so accurately that the con- 
crete foundations could not be set other than correct. 


FURTHER TESTS. 
The actual test for each girder on the ground was 


done with a Bramah hydraulic press, so built that 
an upwards pressure was exerted at two points, 
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48-Foot ROOF TRUSS 


while the girder was confined in a frame. Each test 
represented the burden that would fall upon the 
member after it was fixed. There was a device for 
registering each test, and it is recorded that a girder 
could be lifted from its wagon by the Fox, 
Henderson crane, weighed, secured in the frame, 
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TRUSS AT CROSSING 


72-Foot 


proved, released, raised from the frame and stacked 
in four minutes. Who shall say that there were no 
time-saving notions in those days? Lifting the 


columns and girders was done with shear legs, and 
after the gallery floors were made they provided a 





and minor ribs by means of sash bars become avail- 





base for raising the material for the upper structures. 
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Apparently, the use of scaffolding was completely 
avoided. 
SPECIAL MACHINES. 

The machine made by Fox, Henderson and Co. 
for shaping out the Paxton gutters was set up on the 
bank of the Thames at Chelsea. It was belt driven, 
and designed so as to cut the main U or trough, what 
time other and smaller cutters were grooving both 
sides of the timber at one operation. Other machines 
specially made for the scheme were a circular saw 
with which the gutters were cut to dead lengths ; 
another for shaping the sash bars and, something 


Transept Ribs. 
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Section of Transept Rib, and springing of ditto. 
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TRANSEPT RIB AND SPRINGING 


that was then quite novel, a machine for painting 
them by immersion, followed by brushing. 


ERECTION. 

Work was begun during the first week in September, 
1850, when there were thirty-nine men in Hyde Park. 
A month later the number was 419, and by the end 
of the year it had risen to over 2000, below which it 
rarely fell, until within a month of the opening day. 
The first of the main ribs of the central transept 
was raised on December 4th, 1850, and the whole 
sixteen were in place a week later. no mean feat, 
bearing in mind their weight and size, for their span 
exceeded the width of the nave by the dimension at 
each end of their footings. 








The Smoke of Cities. 
THE INSTITUTION OF MECHANICAL ENGINEERS. 


THE discussion which followed the reading of Dr. 
J. S. Owens’ paper, * The Smoke of Cities,” at the 
meeting of the Institution of Mechanical Engineers, 
held in London on Friday evening of last week 
December 11th added little or nothing to those aspects 
ot the subject which may properly be regarded as 
possessing an engineering interest. The meeting was 
not well attended. Indeed, the front benches reserved 
for Members of Council were completely deserted. 
Other than Mr. John Belliss who, in the absence of the 
President, occupied the chair not a single Member of 
Council was present. Further, of those who took 
part in the discussion not one, to the best of our 
belief, was a member of the Institution. Neverthe- 
less the paper as our readers may judge from the 
abstract of it which we reprint elsewhere in this issue 
deals with a subject with which engineers are closely 
connected either as producers of smoke or as strivers 
after its suppression. Perhaps not a few members 
stayed away from the meeting with the comfortable 
knowledge that, according to the repeated assurance 
of the experts, the chief offender as regards smoke 
production is not the industrial chimney stack but 
the domestic grate. Perhaps, and more probably, 


the momentous national events of the day created 
an atmosphere antagonistic to the calm discussion of 
a prosaic subject. 








Dr. Bruckshaw, of the Fuel Research Station, 
described experiments on domestic fires carried out 
at the Station in collaboration with the Coal Utilisa- 
tion Council and gave an account of some of the 
equipment devised for the purpose of measuring the 
quantity of smoke produced, its opacity and its degree 
of mass concentration. By filtering the whole of the 
smoke through an absorbent mattress it had been 
found he said that 14 lb. of bituminous coal burned 
in a domestic fire produced about 6 0z. of smoke. 
Mr. J. H. Cost commented upon the design and use 
of the deposit gauge, the automatic filter gauge, the 
dust counter and the different methods of measuring 
the sulphur content in a polluted atmosphere. 


Referring to the disaster in the Meuse valley in 1932 
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when many people were asphyxiated he remarked 
that, according to the findings of the experts who 
investigated it, it was caused by sulphuric acid fumes 
formed by the emissions from the many factory 
chimneys in the neighbourhood. The conditions 
however were very exceptional and although sul- 
phuric acid was found in London’s atmosphere it 
was very unlikely that we would ever suffer a similar 
disaster. 

Mr. A. N. East of the Electricity Commissioners’ 
Department dealt chiefly with some remarks made in 
Dr. Owens’ paper concerning the undesirability from 
the point of view of national defence of concentrating 
large power stations on the banks of the Thames. 
He (Mr. East) maintained that the “grid” had 
made available within the south-eastern area of 
England a far greater reserve of spare plant than had 
ever existed before. Oil or gas engines, he continued, 
might as Dr. Owens suggested be more efficient than 
steam plant and if used in power stations might not 
only reduce the emission of smoke but also free the 
stations from dependence upon a site liberally supplied 
with cooling water. Nevertheless, the reply to that 
argument seemed to be that internal combustion 
engines of individual capacities reaching 100,000 kW 
were not yet available. 

Mr. W. A. Damon, Chief Inspector of Alkali 
Factories, dealt principally with the reduction of 
sulphur emission. It was possible he said that much 
might be done to secure that reduction by treatment 
of the coal before it was burned as for instance by a 
chemical process which would cause the sulphur to 
be retained in the ash or in the case of pulverised fuel 
by removing the pyrites by the flotation process. 
Dealing with the legal aspects of smoke control he 
advocated the uniform administration of large areas 
by regional committees. The average manufacturer, 
he found, had no desire to make smoke. He was 
nearly always willing to co-operate with an inspector 
who showed that he desired to help him rather than 
to prosecute him. 

Mr. H. G. Clinch devoted his renfarks mainly to 
the legal aspects of smoke pollution. He criticised 
a suggested by-law contained in the paper which 
would make it an offence if the smoke emitted from 
a chimney exceeded a stated degree of opacity for 
a total of two minutes in any half hour. In his 
experience the greatest trouble was caused by short 
bursts of smoke which would not come under the 
author’s two-minute rule. Dr. P. L. Bennett speak- 
ing as a medical officer of health dealt at some length 
with the non-mechanical aspects of ventilation. He 
supported Dr. Owens’ view that carbon dioxide was 
not the chief danger in a badly ventilated space and 
that pathogenic particles were responsible for the 
harmful effects. Dr. 8. I. Levy of the Rio Tinto 
Company discussed the elimination of sulphur pro- 
ducts from coal smoke and supported the view that 
much could be done by pre-treatment of the fuel as 
by the flotation process when the coal was in powdered. 
form. 

A brief reply from Dr. Owens brought to an end 
what must be regarded, from the engineering point of 
view at least, as an unsatisfactory discussion. 














The Parsons Medal. 


THE two photographs reproduced herewith show the 
obverse and reverse of the Parsons Medal. ‘They were 
taken from the models designed and made by Mrs. Mary 
tillick. These models, 6in. in diameter, were reduced 
for the medal itself to 2in. diameter. The medal is a 
golden bronze with a matt surface and no rim. 

The outstanding characteristic of this charming piece 
of work is its simplicity. On the obverse is a portrait 
of Sir Charles which all who knew him will agree is admir- 
able, and on the reverse a motto with a symbolical design 
showing a girl carrying a torch which is one of the oldest 
symbols of immortality, and which at the same time is 
very appropriate to a great scientist and pioneer. Around 
the design is arranged a motto from Seneca implying that 


MEDAL 


the remembrance of genius never dies. The use of the 
word “ Ingenii”’ in this motto makes it peculiarly fitting 
in a medal struck in honour of a great engineer. 

It may be of interest to recall that the medal is one 
item in the scheme for the commemoration of Sir Charles 
Parsons’ name drawn up by a select committee of which 
Sir Frank Smith, Secretary of the Royal Society, was 
Chairman. There goes with it a lecture. By a happy 
decision Sir Frank himself was asked to deliver the first 
lecture—it was reprinted in our issues of November 13th 
and 20th—and he was the first recipient of the medal. 








SIXTY YEARS AGO. 


in our issue of December 22nd 1876 we reviewed a 
book by Mr. Dixon Kemp entitled ‘“* Yacht Designing ” 
and described it as *‘ a perfect godsend ”’ to all interested 
in the application of scientific principles to the art of 
designing yachts. The origin of yachting as a pastime 
is to be traced back to the foundation of the Cork Water 
Club in 1720. The boats used by that club were of a 
curious form which may perhaps have been derived from 
the ancient coracle. They were described as resembling 
the shape of a walnut—presumably one-half of a walnut 
shell—with a curved stem and a large poop. The mast 
was placed very nearly at the centre of the length, the 
bowsprit had a tremendous “ steve’’ and the boom a 
great lift. Pleasure boating was introduced into England 
about 1775 when it was taken up on the Thames. For 
some time the design of the old Cork Water Club boat 
was followed, the high poop being retained for fishing 
and rough weather. About this time “tilt boats ~ 
plied between London and Gravesend carrying passengers 
and the captains of these craft, proud of the performance 
of their vessels, used to challenge the pleasure yachts to 
race them. Soon contests between the yachts themselves 
were organised and in this way regular regattas became 
fashionable. The Duke of Clarence, later King William IV, 
took a great interest in all nautical matters and was one 
of the members of the Society for the Improvement of 
Naval Architecture founded in 1791. His interest in the 
subject gave a great impetus to pleasure yachting. The 
Society conducted a series of experiments on the resistance 
of different forms of bodies in fluid and attention being 
directed by the results to the effect of form on speed 
yacht lines began to change. Sharper forms were adopted 
and top hamper was diminished and in time extreme 
types appeared which were all down aft and up at the bow. 
These ‘‘ cod’s head and mackerel tail ’’ boats remained 
popular until 1840 when the so-called wave-line principle 
began to be applied. The lead in the direction of turning 
out long sharp forms was taken by the Poole yacht 
builders, chiefly Messrs. Warehill and Penney. Even 
with these developments however the true science of 
yacht designing was not understood. In particular the 
question of stability received scant attention. As late 
as 1872 Mr. P. R. Marett in a treatise on yacht designing 
excused the lack of a discussion of the subject on the 
ground that it was practically impossible to calculate 
the position of the centre of gravity of a ship. The 
disaster to the ‘“‘ Captain ’’ drew great attention to the 
question of ship stability and in a short time a sound 
procedure was evolved for calculating the metacentric 
height of any vessel. In his new book Mr. Kemp laid 
great stress on the importance of studying the stability 
of yachts. He maintained that nearly every failure 
which had occurred in yacht designing had arisen from 
the designers’ lack of knowledge of the laws governing 
the stability of floating bodies. We doubted however 
whether the adoption of scientific principles in place of 
rule of thumb would make much headway among yacht 
builders. They as a class shared with some of our old 
admirals a blind hatred of science in its application to 
naval architecture in all its branches. 
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The Printing of the “‘Radio Times.” 


Iv would be scarcely accurate nowadays to refer to 


the Radio Times as constituting one of the side issues of 


broadcasting as established in this country. Actually 
with its weekly circulation of approximately three million 
copies it is the third most widely read newspaper in 
Great Britain and from the proceeds of its publication 
the B.B.C. derives a very considerable part of its annual 
income. Apart entirely from the editorial aspect, the 
production of the paper involves printing and other 





about 2 acres, and is mainly oecupied by a single building 
of brick and steel construction. Within this building an 
area of 12,000 square feet is assigned as a paper store. 
Through this store there pass each week between seven 
and eight hundred reels of paper. Each reel is 3ft. in 
diameter, contains 5 miles of paper and weighs just under 
a ton. From the store the reels are taken by truck to the 
printing presses. The press room has a total area of over 
31,000 square feet and contains six presses each of which 
has a lengtin of 64ft. and a height of over 20ft., weighs 
225 tons and occupies a floor space of nearly 3000 square 
feet. The presses were supplied by R. W. Crabtree and 
Sons, Ltd., of Leeds, and are said to be the largest maga- 








AERIAL VIEW OF WATERLOW’'S NEW FACTORY AT PARK ROYAL 


operations on such an extensive scale that Waterlow and 
Sons, Ltd., when they were some time ago awarded a long- 
term contract for the printing of the journal decided to 
erect an entirely new factory especially designed and 
equipped for its production. This new factory, situated 
at Park Royal, London, W., will begin printing the Radio 
Times with the issue dated January 8th. On Monday of 
this week we were afforded the pleasure of inspecting it 
while it was being tuned up and otherwise receiving the 
final touches ready for taking up its arduous duties. As 





at present equipped the factory is designed for the pro- 


zine presses in the world. From the printing machines, 
the copies are carried by a mechanical conveyor in quire 
lots to a department where they are bound in bundles 
by hand and despatched. Attached to these three main 
departments there are a foundry where the metal for the 
type-casting machines and the stereo metal is prepared, 
a composing room where the matter is set in type, a stereo 
department and an ink factory together with a power 
sub-station, a boiler house, offices and other adjuncts. 
An average issue of the Radio Times requires not only 





of the Intertype Company’s manufacture, deliver the type 
in “ slug” form, that is to say each line of type is one solid 
piece of metal as distinct from the Monctype system 
adopted for the production of this journal in which each 
letter or symbol in every line is a separate piece of metal. 
These slugs are assembled into columns and the columns 
with the requisite blocks for the illustrations are assembled 
into pages. Two pages are then put together side by side 
and locked in a frame or “ chase.’’ The printing of the 
pages is not done directly from the type and the blocks 
as set up in the chase. The printing surfaces of the type 
and blocks at this stage lie in a plane. It is necessary to 
bend this plane to a cylindrical form in order that the 
printing surfaces may be mounted on the rollers of the 
printing presses which are of the rotary and not the flat 
sheet type. Further each chase containing two pages 
has to be reproduced a number of times in order that more 
than one of the presses may be set to print copies simul- 
taneously. To meet these requirements the two-page 
chase is transferred to a hydraulic press where under a 
total pressure of 850 tons the impression of the type faces 
and the pattern of the blocks is transferred to a sheet of 
compressed papier-maché. This impressed sheet, or 
** flong,”’ is transferred to a stereo-casting machine where, 
bent to the curvature of the rollers of the printing presses, 
and with the impressed surface inwards, it serves as a 
mould for casting the curved plates from which the actual 
printing is done. A certain amount of machining is 
required in order to ensure a good fit between the plates 
and the rollers. This machining is performed on a 
“* Rotashaver ” which after cooling the stereo by spraying 
jets of water on it cleans up the inner, or non-type, surface 
by means of accurately set rotary cutters. The curved 
plates are subsequently taken to the presses where they 
are mounted on the rollers by means of clamps which grip 
their edges. 

To produce an edition of the Radio Times containing 
124 pages about 750 stereo plates are required. Since 
each plate carries the matter for two pages, sixty-two plates 
would theoretically be sufficient. More are required in 
practice first because each of the six machines may be 
employed simultaneously on the printing of complete 
copies of the paper and secondly because each machine is 
normally arranged to ‘print, as it were, two independent 
streams of complete copies. 

Each printing press embodies five duplicate printing 
units and each unit has two pairs of printing rollers. Each 
pair of printing rollers carries twelve stereo plates of two 
pages each but of these twelve plates one lot of six dupli- 
cates the other lot so that one revolution of the printing 
roller produces two copies of any one page. The first 
pair of rollers in each of the five units in this manner 
prints two lots of twelve pages each on one side of the 
web of paper which passes continuously between them. 
The second pair of rollers in the same unit prints a similar 
number of pages on the opposite side of the web. Each 
unit is therefore responsible for the production of duplicate 
impressions of twenty-four pages and as there are five 
units the total number of pages produced by the whole 





some 730 tons of paper but about 7 tons of ink, not to 


machine is 120. A separate unit is responsible if required 





THE PRESS-ROOM SHOWING THE UPPER PORTIONS OF THE SIX’ ‘PRINTING MACHINES 


duction weekly of three million copies of the paper each 
copy containing anything up to 124 pages as a maximum. 
Room has however been left for the installation of addi- 
tional equipment which would bring the weekly output 
up to five million copies. The capital expenditure on the 
factory has amounted to something like half a million 
pounds. 

We reproduce herewith two views of the factory, an 
aerial one and an interior one taken before the equip- 
ment was fully installed. The site occupied extends to 











mention 156 miles of stitching wire. The ink is manu- 
factured at the factory itself and is pumped to the presses 
through a 6in. service pipe the total length of which is 
such that at any instant it holds about 2 tons of ink. 
When fully at work the factory will give employment to 
between 450 and 500 men. 

The printing process employed follows in general the 
lines adopted in the production of a large daily newspaper. 
The “copy” is set in type by means of type-casting 
machines operated from keyboards. These machines, 








for printing a four-page cover, which may be coloured, 
bringing the total number of pages up to 124. It 
naturally, readily possible to arrange the machine to 
produce issues with less than the maximum number of 
pages. Each of the six machines is completely inde- 
pendent of the others but they are arranged in three lines 
of two each and it is, we believe, possible, should the 
necessity arise, to operate the two machines in any one 
line in conjunction to a certain extent. Running inde- 
pendently each press can deliver completed copies of the 
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Radio Times at the rate of 24,000 copies an hour. 

The reels of paper are delivered to the presses at the 
same level as that of the floor of the paper store. After 
the reels have’ been mounted on centres the webs are 
carried upwards to a higher level constituting a first floor 
on which the machine minders, or most of them, work. 
The five printing roller units of each machine are situated 
at the level of this floor as shown in the interior view repro- 
duced herewith. After the webs have been printed on 
both sides they ascend to a higher level and during the 
ascent they are slit into ribbons each one page wide. The 
thirty ribbons—or thirty-one if there is a cover—are 
assembled in their correct order and after assembly are 
stitched together at appropriate intervals by means of 
two wire staples. The stitched assembly is then cut cross- 
wise at regular intervals at points midway between succes- 
sive stitchings and the severed portions are folded at the 
stitching to form complete copies. The finished copies 
are delivered in quire bundles at the level of the first floor 
and are carried by hand a short distance to a bucket con- 
veyor which transports them upwards, across and down 
into the packing and despatch department. 

The building was erected to Messrs. Waterlow’s require- 
ments by Allnatt Ltd. under the supervision of Sir 
Alexander Gibb and Partners consulting engineers to the 
Park Royal Development Company and of Mr. Maurice 
Gibbs, Messrs. Waterlow’s surveyor. 








A New British Jig Borer. 


THE Newall jig boring machine, of which we give two 
illustrations, is notable for the entirely new principles 
of measuring incorporated in connection with the table- 
setting mechanism, and also for the application of the 
* H ”’-Gear variable-speed drive to give stepless variation 
of spindle speeds. The machine is being put on the market 
by E. H. Jones (Machine Tools), Ltd., of The Hyde, 
Hendon, London, N.W.9. 

The machine is of the open-side type, the spindle slide 





slide there is a train of fourteen rollers. The rollers are 
accommodated in ground channel ways and are held in 
engagement with each other by the action of spring- 
loaded blocks. 

A micrometer attachment is employed to position 
the table, and this micrometer attachment consists 
mainly of an aluminium casting which carries a hardened 
and ground vee block. When the attachment is placed 
in position on either train of rollers, the vee block engages 
between adjacent rollers which take care of the lin. 
divisions. A dial gauge is carried on a_ ball-bearing 
slide on the base casting of the attachment, its position 
being determined by a screw which is operated by turning 
the knurled ring of a vernier measuring device. The 
travel of the dial gauge slide is lin. A scale lin. long 
is subdivided into graduations of 0-025in., so that in 
conjunction with graduations on a ring, readings of 
0-000lin. may be taken. The accuracy of the micrometer, 
which is a standard Newall instrument, is guaranteed 
to be within 0-000lin. A pointer on the body of the 
measuring attachment is in conjunction with a scale 
alongside the nest of rollers to facilitate setting for the 
lin. divisions. 

The operation of table setting will be best explained 
by an example. Assume that the machine is actually 
in operation, boring a hole in a jig plate, and that it is 
desired to bore another hole 3-1835in. to the left of the 
first hole. It is assumed that the table was set for the 
first hole with a micrometer reading of zero, and that the 
table was moved up to the spring-loaded dial gauge 
until zero reading was obtained after the needle had 
moved through about 180 deg. To set the micrometer 
attachment for the second hole, it is taken from the 
machine and the vernier ring adjusted to give a reading 
of 0-1835in. The attachment is then replaced on the 
train of rollers, but this time it is set three roller spaces 
to the right of the first position, and when the first hole 
has been bored, the table is advanced to the right until 
the dial gauge anvil is engaged by the stop piece on the 
table and the needle shows a zero reading again after 
moving through about 180 deg. When the zero reading 
is obtained on the dial gauge, it is known that the table 





JIG BORING MACHINE 


being accommodated on ways on the column, to which 
it is clamped during the operation of boring. The column 
is mounted on a bed of box type construction, which 
supports the double slide for the table movements. A 
suarantee is given that the column is square with the 
table ways to within 0-0002in. : 

The new measuring system is a natural outcome of 
the Newall Engineering Company’s experience of high- 
precision lapping, and employs lapped rollers, lin. in 
diameter, for the main lin. divisions of table setting in 
both directions. The rollers, which can be seen in the 
detail illustration, are hardened, ground, fescolised, and 
precision lapped to a degree of accuracy which is guaran- 
teed within 0-0000lin. Individual rollers and each train 
of rollers are calibrated by the National Physical Labora- 
tory, each train receiving an N.P.L. certificate. 

The method of table setting is as follows :—Longi- 
tudinal movement of the table is obtained by a screw 
operated by a large diameter aluminium hand wheel, 
while a similar hand wheel operates the cross movement. 
Smaller hand wheels are provided for fine adjustment 
to both slides. Between the ways of the longitudinal 
slide there is a train of twenty-six lin. diameter rollers, 
the rollers being hardened, ground, fescolised, and lapped, 
as already stated, while between the ways of the cross 




















gear into engagement a knurled screw head is turned, 
thus bringing conical clutch members towards each other 
until they grip the hollow worm wheel. In this way the 
movement of the fine adjustment hand wheel is trans- 
mitted to the shaft. 

Power is provided by a vertical motor of 2 H.P., which 
is mounted and enclosed on the top of the vertical column. 
The motor is direct coupled to an infinitely variable- 
speed ‘‘H’”’-Gear. A four-groove pulley and V-belts 
transmit the drive from the gear to a Taylor clutch, and 
a two-groove pulley, in turn, drives the boring spindle 
pulley, while an auxiliary belt drives the feed shaft. 
Push-button control is provided for the driving motor, 
and an individual switch is fitted to control the motor 
for driving the oil pump, which is mounted in the base 
of the machine. The oil pump provides lubrication for the 
main boring spindle, the ‘“‘ H”’-Gear, and for the. gears 
in the boring head. As the control wheel for the spindle 
speed is turned the actual speeds secured through the 
variable-speed ‘‘ H ”’-Gear are shown in a window placed 
above the control wheel. Infinitely variable and stepless 
speeds are available from 100 to 1200 r.p.m. 

The boring head of the machine is counterbalanced 
for ease of vertical adjustment. This vertical adjustment 
is obtained by turning a hand wheel which operates the 
vertical adjusting screw through the medium of bevel 
gearing. Before the boring operation is started, the 
boring head is clamped tightly to the column ways by 
means of levers. Hand feed for the spindle quill is obtained 
from a hand wheel, and there is also fine hand feed. Power 
feed for the spindle quill is engaged by a knob on the 
spindle passing through the feed wheel boss. Three rates 
of feed are available for each spindle speed to give feeds 
of 0-002in., 0-004in. and 0-096in. per revolution of the 
spindle. A fast return for the spindle quill is provided, 
and the power feed engaging knob has three positions. 
When in the “in” position power feed is engaged, as 
already stated. In the halfway position, the fine hand 
feed wheel is engaged, while when the knob is in the 
“out” position the quick hand feed is available. 

The main spindle is hardened, and ground, and is 
carried by a parallel phosphor bronze bearing and a 





DETAILS OF TABLE AND MEASURING ROLLERS 


has moved 3-1835in. from its position when the first 
hole was bored. The table is now locked, and the second 
hole is bored. The dial gauge is graduated in divisions 
of 0-0001in. 

The table operates on carefully scraped standard 
ways, the usual gib method of taking up clearance being 
provided. Clamping for endwise position is not done 
on the actual table, a swivel method being employed. 
Running alongside the table is a strip of flexible steel 
which is bolted to the table and attached to the flexible 
strip is a bar of square section. Two clamps operated 
by levers bear against the bar and keep it tightly in 
engagement with the casting which supports the table, 
so that no actual load is imposed on the slide ways 
which might tend to disturb the table alignment. The 
table is then pulled directly downward on the ways by the 
operation of a hand lever. 

A fine feed for adjusting the setting of the table in 
both directions is obtained by two separate mechanisms. 
The main operation of moving the table is done by turning 
the large diameter hand wheels, which are keyed to 
coarse-pitch lead screw shafts, whilst encircling each 
screw shaft is a worm wheel which meshes with a worm 
keyed to the shaft carrying the fine adjustment hand 
wheel. When it is required to bring the fine adjustment 





tapered phosphor bronze bearing. Ball bearings are 
provided for taking up end thrust and adjustment for 
wear is obtained by locking nuts. The rack at the side of 
the ground and lapped cast iron spindle quill is engaged 
by a pinion which provides the feed. The quill clears 
the table by a maximum of 2lin., and may be brought 
down within 4in. of the table surface. The actual travel 
of the quill in its housing is 9in. maximum. Table dimen- 
sions are 24in. by 12in., and standard T-slots are provided 
to facilitate holding work in position. 








An Air Ministry White Paper states that from April Ist 
next it is intended to introduce an improved air service 
between England and South Africa, vid Egypt. The 
service will be operated by flying boats, and carry, without 
surcharge, all first-class mail of participating countries 
on the route. From that date also South African Airways 
will take over from Imperial Airways the operation 
between Johannesburg and Cape Town of the new flying 
boat service. As a result the subsidy payable to Imperial 
Airways by the Government will be reduced by £7000 a 
year to £113,000. 
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Rail and Road. 


ALL locomotives and rolling stock on the Danish State 
Railways are to be converted from vacuum to air brake 
equipment. 


At a meeting of the Essex County Council it was decided 
to exclude pedestrians and non-mechanically propelled 
vehicles from the projected tunnel between Purfleet, 
Essex, and Dartford in Kent. 


As a result of-a iandslide caused by the heavy rains, 
the Crewe to Carlisle train was derailed at Dillicar, near 
Kendal, on the night of Monday, December 14th. The 
engine, four goods wagons, and a passenger coach left 
the rails, but no one was injured. 


ACCORDING to an agreement between the Ottawa and 
Provincial Governments, a number of gaps in the Trans- 
Canada Highway in British Columbia are to be closed by 
the Dominion Government by the end of March, 1940. 
The total length of these gaps is estimated at 95 miles and 
it will cost several millions of dollars to close them. 


A PARLIAMENTARY Bill has been deposited by the 
London Passenger Transport Board seeking powers for 
the extension of the Morden-Edgware line for 2} miles 
towards Elstree. The extension would be mostly on the 
surface and much of the necessary land has been acquired. 
The estimated cost, including land and rolling stock, is 
about £750,000. 


Work has been started on the first of three bridges 
authorised in a preliminary programme of bridge building 
on the Inter-American Highway in Central America. The 
bridge crosses the Rio Chiriqui, in the Republic of Panama, 
and will be of the cable suspension type with a 400ft. 
span, The other two bridges will cross the Choluteca 
River, in Honduras, and the Tamasulapa River, in 
Guatemala. 


THE station at Howrah, which is the joint terminus of 
the East Indian Railway and the Bengal-Nagpur Railway, 
has been equipped with an all-electric signalling system. 
A new two-storied building has replaced the two cabins 
previously used, and it contains an eighty-two-lever inter- 
locking machine comprising thirty-two levers for signal 
operation, forty-five levers for point operation, and five 
spare levers, 

OnE of the largest locomotive orders placed in the 
United States for several years has been given by the New 
York Central Railroad Company. The order, valued at 
over eight and a-half million dollars, is for fifty ‘‘ Hudson ” 
type passenger locomotives and fifty eight-wheel switching 
engines. It is reported that eight streamlined trains 
and two 3600 B.H.P. oil-engined passenger locomotives, 
costing about £1,200,000, have recently been ordered in 
the United States. 


For regular conveyance of barley between Hull and 
Burton and Hull and Sleaford the L.N.E.Railway Com- 
pany is introdueing an additional fleet of fifty bulk grain 
vans. These wagons are distinguishable by their box-like 
appearance, the grain being poured in through openings in 
the roof and self-discharged through steel hoppers under- 
neath the vehicles. Each wagon carries a load of 22} tons 
of loose grain. These trucks will be used in conjunction 
with = L.N.E.R. 40,000-ton grain silo at the King George 
Dock, Hull. 


Tue L.N.E, Railway Company proposes to construct 
652 carriages of various descriptions during 1937. Of 
these, 484 will be vestibuled corridor coaches for main line 
services, Only eighty-four non-vestibuled passenger 
coaches are to be constructed, and they are for use in 
suburban services. The remaining vehicles will consist of 
seven mail vans, thirty-two corridor brake vans for luggage 
and parcels service on main line trains, and seventeen non- 
corridor vans for similar work on branch lines, eleven 
restaurant cars, fifteen buffet cars, and two coaches of 
special design for service on the Aberdeen-Penzance 
service. 

APPROVAL has been given to changes in the plans for the 
first Narrows Bridge at Vancouver. Under the revised 
plan the north tower will be moved 50ft. inland, thereby 
increasing the length of the bridge to 1550ft. An earlier 
proposal was to move the north tower 100ft. inland and the 
south tower 50ft. offshore, but this plan was abandoned as 
a result of opposition from navigation interests. It is 
understood by Engineering News Record that the change 
has been made because exploratory drilling showed better 
rock foundations inland than those originally planned for 
the north tower. In addition to the main suspension, 
1550ft. long with a 200ft. clearance above high water, 
there will be a 3000ft. long approach on the north shore. 


A NEW goods depét designed specially for dealing with 
heavy seasonal traffic coming into London is to be built 
by. the G.W. Railway Company at Westbourne Park, 
near Paddington Station. The depdt is to have a plat- 
form, 400ft. im length by 30ft. in width and a two-storey 
warehouse, 380 constructed as to lend itself to the provision 
of other floors as necessity arises. Lifts will connect the 
platform with the upper floors of the building and over- 
head runways and the latest equipment for rapid handling 
of this perishable traffic will be provided. When com- 
pleted, the seasonable perishable freight train traffic 
coming into London will be dealt with at the depédt, 
which will become the West Country's ‘“‘ key ” to Covent 
Garden and other London markets. ~ 


THE recently issued report on economic and commercial 
conditions in Norway gives particulars of the new railway 
construction in progress in that country. On the Sorland 
Railway the new 65-kilom. section between Nelaug and 
Grovane is expected to be completed by 1938; the new 
109-kilom. section, Krossen—Trondviken, will probably 
not be completed before 1945 ; and reconstruction of the 
20-kilom. Grovane—Kristiansand section is expected to 
be completed in 1938. On the Nordland Railway two new 
sections are being constructed ; they are Grong—Mosjoen 
and Mosjoen—Mo, lengths of 186-4 kiloms. and 90-1 
kiloms. respectively. On the Flaam Railway a new section 
from Myrdal to Fretheim will probably be opened in 1938. 
The Vestfold Railway, Roros Railway, and Grimstad— 
Riise sections are now being reconstructed from narrow to 


Miscellanea. 


A NEw colliery is to be opened at Rhymney in Mon- 
mouthshire, and two seams are to be worked. 


THE industrial engine department of Morris Motors, 
Ltd., announces that the 5/12 H.P. type engine at present 
produced is to be replaced by an improved 6/12 H.P. 
type engine. 
’ In India all the cement producing companies have 
combined under one authority, the Associated Cement 
Companies, Ltd., which will control production, sales, 
research, finance, &c. This combine has eleven factories 
in the country. 

THe Hams Hall power station at Birmingham is to be 
extended. The orders include one stoker-fired boiler, 
steam and feed piping and flue gas ducts, £108,475; 
one cooling tower, with incidental work, £56,755; and 
cabling, £2370. 

Tue rolling mills and plant of the Monkwearmouth 
Ironworks, belonging to Samuel Tyzack and Co., Sunder- 
land, have been acquired for dismantling purposes by 
Thos. W. Ward, of Sheffield. The purchase does not 
include the site buildings or railway sidings. 

AccorDING to the Board of Trade returns relating to 
authorised gas undertakings in Great Britain, the quantity 
of gas sold during 1935 was 295,857 million eubic feet. 
During this period over 20,000 million cubic feet of gas 
was purchased by some forty undertakings from the owners 
of coke ovens. 

A Loan of £10,000 has been made by the Special Areas 
Reconstruction Association for the purpose of establish- 
ing a new factory for the manufacture of steel products at 
Hartlepool. The new works will be on part of the pre- 
mises of Irvine’s Shipbuilding and Drydock Company on 
the south side of the shipyard. 


A VEGETABLE oil with a similar chemical composition 
to that of sperm oil, which comes from the seed of a shrub 
growing in Lower California, Arizona, and Northern 
Mexico, has been discovered by the United States Bureau 
of Chemistry and Soils. Known as Jojoba oil, it is not a 
glyceride, but a liquid wax composed almost entirely of 
esters of a high molecular weight, monoethylenic acids, 
and alcohols. 

In a paper on the economies of power generation before 
the Electrical Power Engineers’ Association, Mr. W. N. C. 
Clinch gave particulars of the expenditure on a power 
station of 90,000-kW capacity and a site capacity for 
350,000 kW. The figures were given as a matter of interest 
and not asa standard. The costs were as follows :—Land, 
£8400; buildings, £174,000; boilers, £354,000; prime 
movers, £280,000; switchgear, £28,000; ancillary appa- 
ratus, £156,000. 

ACCORDING to a note in the Electrical Review, gradual 
progress is being made with plans for the hydro-electric 
development of the extensive rapids on the River Oulu, in 
Northern Finland. The scheme provides for the erection 
of six power stations. On the Niskakosi rapids, where 
there is a fall of 100ft. over a length of about 4} miles, 
there will be three stations, one of 7500 kW at Kauko, 
one of 20,000 kW at Jylhima, and one of 27,000 kW at 
Nuojua. On the Pyhakoski rapids (160ft., 11 miles), 
there will be a 20,000-kW station at Pali, and one of 
66,500 kW at Pyhakoski. On the 1-mile Merikoski reach, 
where the fall is 20ft., a 14,000-kW station will be con- 
structed. It is proposed in case of need to erect a trans- 
mission line between these stations and Southern Finland. 


SPEAKING at the annual dinner of the Newport Chamber 
of Commerce, Sir William Firth said that an American 
steel company competing with England in the export 
markets of the world, with 20,000-ton boats specially 
built for the work, carried ore 2800 miles and discharged 
it at the company’s own well-equipped dock at a freight 
and handling cost that was infinitely less than Wales 
could bring ore half the distance. He believed that a 
20,000-ton steamer loaded with ore could be discharged 
at Rotterdam and other Continental ports at about 
one-fourth of the cost per ton and in one-fifth of the time 
calculated per ton that a 5000-ton steamer could be dis- 
charged at Newport, and because of these docking and 
discharging facilities making the bigger steamer possible, 
the freight per ton was lower. 


A METHOD of fixing glass to brass is described in a note 
by “H.R.C.” in the Electrical Times. The conditions 
demanded that the cement should have good mechanical 
strength, be non-porous, and able to stand a fair tempera- 
ture without damage—conditions such as are often 
required in the electrical test shop. After trying many 
compositions the home-made mixture, the manufacture of 
which is described below, was finally agreed to be best. 
First of all powder down a fairly hard quality of carbon 
brush, and procure a quantity of powder sulphur. A ladle 
and a gas jet or stove are also required. Put a little of the 
powder sulphur into the ladle, and heat slowly to liquid 
flowing point, but do not allow the sulphur to boil. Add 
carbon dust in proportions of three (sulphur) to one 
(carbon dust). After a little stirring to mix thoroughly 
the compound is ready for use. The units to be treated 
should first be heated to the same temperature as that of 
the mixture. 


In a recent paper on synthetic resins before the Royal 
Society of Arts, Mr. H. V. Potter described the properties 
of methyl ester or organic glass. This material in its initial 
state is a liquid, but on exposure to light, oxygen, or heat 
it quickly polymerises, to form a more stable solid com- 
pound which is water white and glass-like in appearance. 
It can be cast in sheets, blocks, &c., which can be readily 
machined, turned, and polished. It has asoftening point a 
little over 120 deg. Cent. At the same time, it can be made 
reasonably flexible. In fact, a sheet of it looks exactly 
like glass until handled; then it is found to be much 
lighter, having a density of about 1-15. It will also bend 
on warming. Mr. Potter said that on account of its light- 
ness and non-brittle character it is replacing glass for 
aeroplane observation screens and windows. The material 
is fast to light, but on the other hand not so hard as glass, 
and therefore is subject to wear more readily. Its possi- 
bilities have not yet been exploited, and the new materials 


Air and Water. 





From April to September next year liners of the Cunard- 
White Star Line’s Liverpool-New York service will call 
fortnightly at Dublin. 

DuRING its eight years’ service the “Graf Zeppelin ” 
has covered a distance of 1,022,000 miles on 578 flights. 
The airship has crossed the Atlantic 139 times, and has 
carried a total of 13,000 passengers. 


THE lighting installations for night flying in India have 
been practically completed at Allahabad, Gaya, Calcutta, 
Akyab, and Rangoon, and work is in progress at Cawn- 
pore, and on beacon lights at Etah, Moghal-Serai, and 
Asanol. 


Dvurixe November sixteen vessels aggregating 36,000 
tons were laid up on the Tyne. This is the lowest number 
for seven years. During the eleven months ended Novem- 
ber 30th twenty-four ships of 105,137 tons were launched 
on the Tyne. 


Two new motor lifeboats of the light Liverpool type are 
to be stationed at Seaham, Durham, and St. Abbs, 
Berwickshire. During this year the Royal National Life- 
boat Institution has put eleven new motor lifeboats into 
service, and the fleet now comprises 131 motor and 37 sail- 
ing lifeboats. 


A NEW French air passenger service, named “ Aero- 
maritime,”” has been formed to operate in West Africa a 
service between Dakar and Pointe Noire. The new service 
will call at Bathurst, Freetown, Monrovia, Abidjan, 
Akera, Cotonu, Lagos, and Douala. It will connect with 
the Air France line to Dakar. 


W2at is said to be the oldest warship in the world is to 
be broken up at Dalmuir, on the Clyde. She is the Portu- 

ese cruiser “ Vasco da Gama,” which was built at 
Blackwall some sixty years ago. The ship’s original dis- 
placement was 2422 tons, but this figure was increased by 
500 tons in 1903, when she was reconditioned and 
lengthened by 33ft. 


Lecturine to the Swedish Technological Institute, 
Dr. Hammar said that at the present time orders 
in hand in Swedish shipyards amounted to 400,000 
tons. Last year the output totalled 105,000 tons, and it 
was expected that this year it would amount to 125,000 
tons. The Swedish Board of Trade has recommended 
that the Government should include a sum of 4,800,000 
kroner in the next Budget for the purpose of assisting the 
construction of a new liner for the Swedish-America Line. 


On Saturday, December 12th, a squadron of seven 
Royal Air Force heavy bombing machines left Aldergrove, 
in Ulster, to fiy to Finningley, near Doncaster. The 
squadron flew into a dense fog and only one machine 
arrived safely at its destination. Of the others, one 
crashed and caught fire, three members of its crew being 
killed, another crashed and caught fire without loss of 
life and the remaining four had to make forced landings. 
Two of the machines which made forced landings were also 
damaged. 

THE Commodore of the Union-Castle fleet, Captain C. E. 
Stuart, has retired after having been in the company’s 
service since 1895. He is to be succeeded as Commodore by 
Captain A. Barron. Captain Stuart made his last voyage 
as Commodore in the “ Stirling Castle,” which anchored 
at Southampton on Thursday evening, December 10th, 
after having made a record trip from Cape Town. The 
time taken on the journey was 13 days 2 h. 25 min., the 
total distance covered being 5960 miles at an average speed 
of 19-28 knots. 


Tue Liverpool Underwriters’ Association reports that 
during October three motorships of 9854 tons gross and 
nineteen steamships of 42,978 tons gross were totally lost. 
as against two motorships of 2768 tons and ten steam- 
ships of 27,594 tons in October of last year. Of the October 
total losses this year only two steamships of 3475 tons 
were British, namely the dredger “Sand Merchant,” of 
Montreal, which foundered in Lake Erie, and the Glasgow 
steamer “ Shuna,’’ wrecked near Ardmore Point, Islay. 
The partial losses numbered 589, as against 547 in October 
last year. 

Some particulars of the performance of the *‘ Caledonia,” 
the Imperial Airway’s long-range flying boat, which is to 
make the first experimental Transatlantic flights, were 
given in a paper before the Royal Aeronautical Society by 
Mr. A. Gough. The flying boat has a gross weight of 
45,000 Ib., the take-off takes 30-5 seconds, and the run is 
795 yards. Carrying a load of 1000 Ib. of mails, the boat 
has a still air range of 3800 miles when flying at a cruising 
of 131 m.p.h. Against a head wind of 40 m.p.h. the 
best cruising speed is 138 m.p.h. and the range is then about 
2700 miles. 

THE report on an accident which occurred to an Imperial 
Airway’s machine near Croydon Airport on August 10th 
last has just been issued by the Inspector of Accidents for 
the Air Ministry. The accident took place about three 
minutes after the machine had taken off for Paris on a 
flight that was being made in connection with a tentative 
schedule, involving the use of a new type of engine. The 
machine, carrying only its crew and some ballast, took off 
normally and after beginning to turn leftwards turned to 
the right and lost height and crashed among houses. The 
Inspector came to the conclusion that the accident was 
due to a sudden loss of engine power, the cause of which 
cannot be determined. 


PARTICULARS of a new “ ultra-light ’’ aeroplane, called 
the “‘ Luton Minor,” made by Luton Aircraft, Ltd., are 
given in Flight. The description says that it is difficult 
to decide whether the machine should be described as a 
biplane with unusually pronounced stagger or as a tandem- 
wing machine. The forward wing is supported above the 
fuselage by centre section struts and is provided with one 
pair of lift struts, but the rear, or lower, wing is attached 
directly to the fuselage top, behind the pilot, being also 
supported by a single pair of outer struts. The main data 
relative to the ‘“‘ Minor” are :—Span (front wing), 22ft.; 
span (rear wing), 20ft.; wing area, 180 square feet; top 
speed, 75 m.p.h.; cruising speed, 70 m.p.h.; and landing 
speed, 22 m.p.h. A 34 H.P. British “ Anzani” engine is 
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KING GEORGE VI. 


AFTER more than a week of uncertainty the 
announcement of the irrevocable decision of King 
Edward VIII to abdicate the throne in favour 
of his brother, the Duke of York, came to the 
Empire as a relief from anxiety. With the reasons 
which led to that decision, and particularly with 
one of a peculiarly personal nature, it is, happily, 
not within our province to deal. King Edward 
himself felt that in the circunistances in which his 
life was cast it was better for the kingdom and the 
Empire that he should surrender his crown. We 
bow to an opinion which was only reached after 
many unhappy weeks and which was made effective 
with a calmness, frankness, and expedition which 
reflects credit both on King Edward—now created 
the Duke of Windsor—and his counsellors. His 
successor King George VI and his Queen come to 
the throne with the full confidence of the Empire 
that they are endowed with those qualities which 
will enable them to fulfil the great duties which 
have fallen upon them with honour and dignity. 
They are well-known and loved not only by the 
people of their countries but by those of the 
Dominions which they have visited and they have 
already acquired experience of the needs and 
wishes of their subjects and of the duties attaching 
to the throne. The Empire has passed placidly 
through the crisis of an abdication unexampled in 
its history and is now united in its loyalty to its 
new King and Queen. 


Force-Feed Locomotive Boilers. 


OnE of the familiar arguments against the normal 
express steam locomotive is that the weight of the 
complete engine is somewhere in the neighbourhood 
of one-third of that of the train it hauls. In any 
independent machine for railway haulage that is 
unavoidable. It is the weight and the weight alone 
which makes the locomotive on smooth rails 
effective. Without it adhesion would disappear, 
the wheels would slip, and the draw-bar would 
exert no effort. The electric locomotive and the 
oil-driven locomotive are in this respect very nearly 


little by a more regular turning moment, but still 
must have sufficient axle load to produce the 
adhesion necessary to start their trains in motion 
and to haul them up stiff gradients. Years ago a 
single pair of wheels with a lower axle load than 
is in use to-day was enough. But step by step it 
became necessary to give more adhesion. Coupled 
wheels came into use and a greater percentage of 
the weight of the locomotive was used for adhesion. 
The form of the locomotive boiler made this fairly 
easy to do, for it provides a distributed load 
extending over practically the whole length of the 
wheel base. We recall these very familiar facts for 
two reasons. In the first place to impress the fact 
that the lightening of a locomotive must not be 
carried too far, and in the second to note that the 
only alternative to a number of driving wheels 
under the engine itself is to place driving units 
under the vehicles, thus using the weight of the 
coaches themselves to provide the adhesion by 
virtue of which they are propelled. 

These reflections have come to our mind on 
examining the reports of experimental locomotive 
boilers and driving equipment which have been 
built recently in America. There are two cases, and 
in both extremely high-pressure boilers are used. 
In one the steam is employed direct in cylinders, 
whilst in the other it drives a turbo-generator 
which supplies electricity to traction motors. In 
both, the boilers are of the forced feed type, and 
in both, full automatic control is provided. In 
both oil fuel is used. That is an important point 
to remember if the suitability of such engines for 
this country be under discussion. The first of 
these equipments was produced by Besler Systems. 
The train consists of two converted coaches of 
the New York, New Haven and Hartford Railroad. 
In the fore part of the leading coach the boiler 
and controls are fitted. Immediately below is a 
four-wheeled truck on a central bolster. The two 
axles of this truck are provided with crank pins 
at each end, and four horizontal cylinders, two 
high pressure and two low, drive the axles. The 
engines have Stephenson links and piston valves, 
and they are completely enclosed. The total 
horse-power is given as about 550 and the weight 
of the power truck complete is 35,000 lb. The 
boiler is of the single-tube type. It is 6ft. 5in. high 
and is 4ft. in diameter. With steam at 1200 lb. 
in the H.P. valve chests and cylinders 6}in. and 
llin. by 9in. a starting tractive effort of 15,000 Ib. 
is secured. The exhaust is condensed on the roof 
of the car in fin tubes air cooled. The second 
equipment is described in a paper contributed to 
the Power Division of the A.S.M.E. in November. 
The boiler was made by Babcock and Wilcox at 
Barberton and the main electrical parts by the 
General Electric Company at Schenectady. The 
boiler is the feature of the unit which interests us. It 
is horizontal, and in one example more than 12ft. 
long overall, 4ft. 43in. wide, and 8ft. 8in. high. The 
feed is forced through five circuits comprising the 
floor, sides, and roof of the furnace and two loops 
forming the boiler screen. The boiler was designed 
for an output of 21,000 lb. of steam per 
hour at a pressure of 1500 lb. and a temperature 
of 900 deg. Fah. from the superheater. We 
understand that three of these complete units, 
of different sizes, have been made. The 
current generated has so far, we gather, been 
used in steam-electric locomotives, not in multiple- 
unit trains. It is obvious that both of these cases 
must be regarded as challenges to the oil engine 
rather than to the normal locomotive or to electrifi- 
cation. Their chief interest lies in the fact that 
they employ forced circulation boilers. Since 
Serpollet’s day that form has been frequently 
tried on steam road vehicles, but it has not yet 
succeeded, despite its qualities, in driving out 
boilers in which there is a constant reserve of water. 
Whether with the improvement of materials, the 
better knowledge of boiler design, and the increased 
reliability of accessories it is now in a position to 
compete with normal types can only be settled by 
many months of trial. 


As far as the Stephenson type of locomotive is 


concerned, it may, we think, be said that the 
boiler is almost completely satisfactory. It 
has a high efficiency, great flexibility, and 


reliability of a high degree. The only thing that 
can be said against it is that it is unsuitable 
for very high pressures and that on a limited 
loading gauge it is inconveniently large. Its 
weight, as we have already pointed out, is not of 
very serious importance. The locomotive designer, 
it is true, is put to it sometimes to keep the axle 
load down to the maximum allowed by the road, 





Moreover, the improvement 
in the quality of steel, the introduction of steel 
castings, and the coming of fabrication by welding 
have given the designer new means of reducing 


important adjuncts. 


weight. Before he can be expected to change 
from the present form to one which, owing to the 
number of vital auxiliaries, would be likely to give 
him much anxiety, he would have to be persuaded 
beyond doubt that he could use the weight or the 
space more profitably elsewhere and that the 
increased efficiency would meet an initial cost 
which must always be greater than that of the 
familiar form. Hence we do not see any likelihood 
that these waistcoat-pocket boilers will soon dis- 
place the present boilers on normal locomotives, 
but as a challenge to the oil engine they are 
interesting. It must be observed, however, that 
they are essentially oil-burning boilers ; the con- 
trols as made are only suitable for a liquid fuel. 
But if oil is to be burnt it is difficult to see why, for 
such units as those described, it cannot better be 
consumed inside cylinders. 


What’s Wrong? 


SOMETHING is wrong, but we cannot say pre- 
cisely what it is and, in consequence, are not able 
to suggest a remedy. The malady is serious ; 
too serious to be allowed to run its course; the 
sequele, as the physician would call them, may be 
fatal. The question must be discussed not only 
by older people whose opinions are always suspect 
to the younger, but by the younger themselves. 
Ever since the revival of industry employers have 
been looking for young engineers to train on for 
positions of responsibility. We have talked to 
many on the subject and with not a single excep- 
tion we have been told that it is well-nigh impossible 
to find young men with the “ character ” that is 
required. There is no lack of men with good 
education, lay and technical, degrees are as common 
as the three R’s, but the qualities without which 
learning is valueless in industry are not to be found. 
These opinions come, of course, from men who have 
reached or passed middle age, and they will no 
doubt be challenged by youth. We are as well 
aware as anyone how extremely difficult it is for 
men who have made for themselves a position 
in the world to look back to what they weré when 
they themselves were young. They ask them- 
selves: “‘ Were we, too, like the young men of 
to-day; and will they, too, like us, develop 
character as respoasibilities come upon them 
and the years add to their experience?” and 
are unable to give a clear answer. They wonder, 
too, if they are expecting more than it is fair to 
expect. Fifty or sixty years ago very little 
technical knowledge was demanded. Young men 
could make good by character alone, coupled, in 
the case of engineering, with a devotion to that 
calling. Now the demand is for young men with 
degrees and with character too. Obviously, it is 
more difficult to find a dual qualification than a 
single one. 

But making all the allowance we can for the 
difficulty of judging the qualities of youth, there 
still remains the fact that. numbers of employers 
cannot find the class of men they need. That is 
a complaint fraught with future dangers. It calls 
for the closest examination. Every effort must 
be made to discover the causes and sources of 
the trouble. Does it lie in the home, in the 
elementary school, the public school, the technical 
college or university, or in subsequent training ? 
Is it a result of the war or of the social spirit which 
followed the war? Is it the outcome of methods 
which, by equalising opportunity, have removed 
the difficulties and hardships which hardened 
and developed character and allowed only the 
fittest to survive? Finally, is it due to the fact 
that young men unsuited for engineering are being 
drawn into it by the atmosphere of a mechanical 
age and the seduction of schools whose existence 
depends upon a supply of students? These 
are amongst the questions which call for an answer. 
But before they can be approached a definition 
is necessary. We must decide what qualities we 
require, and we must not place them so high that 
attainment is not reasonably possible. It is with 
the average man that we must concern ourselves ; 
not with the genius. Within that limitation 
we suggest that it is fair to ask that the candidate 
for a post should have good manners and a good 
address, with those early indications of personality 
which give hopes of fruition; that he should 
show initiative, an anxiety to take responsibility, 
and self-reliance; that his interests should be 





but on the whole, as endless locomotives show, he 





on @ par with the steam locomotive. They gain a 


has succeeded in doing so without the sacrifice of 











sufficiently wide to draw him to other men; 
that his technical knowledge should be sound 
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rather than brilliant and be so balanced that it 
will give him adaptability. That, we gather, is 
the kind of man that employers are seeking 
and finding rarely, if at all. It will be seen that 
we have asked for no exceptional qualifications, 
and that we have assumed the possession of the 
usual virtues. If it is true, and it appears to be, 
that our system of upbringing, education, and 
training is not producing such men, then it is 
of the greatest importance that it should be 
modified. Or, alternatively, if we find that the 
conditions of industry in this age, coupled with 
social conditions, are inimical to the production 
of such men, we must consider whether or not it 
is possible so to modify the methods of education 
and training that they may counterbalance the 
evil effe--is. 

We could put many questions to our readers 
on this matter, but for the present we shall ask 
but one in the hope that their answers may help 
to clarify the problem. Our question would be : 
‘Is there too much escalator in the upward path 
of youth?” There can, we think, be no doubt 
whatever that the struggle for existence in the 
past either developed character, or—possibly 
more frequently—made progress possible only 
to those who had character to begin with. But 
by a variety of means the difficulties have been 
removed and the upward path made easy. The 
principle of “‘ equal opportunity for all’ has not 
worked out quite as well as could be wished. 
There seems to be no doubt that the inequalities 
were actually beneficial in that it was those who 
had the determination to overcome them who so 
often made important positions for themselves. 
It used to be said jokingly that no one had a chance 
of being a leader of American industry if he had 
not sold newspapers on the streets of New York 
in his boyhood. Like all such sayings, there is 
an element of truth in it. Another well-known 
saw ig that “there is always room at the top.” 
So there is; but the upward path is now so 
cumbered with a mediocrity that it is hard for the 
best to reach the summit. 








Obituary. 


SENOR DON JUAN DE LA CIERVA. 


WE greatly regret to record the death in an 
accident to a Dutch air liner of Senor Cierva, the 
inventor of the Autogiro. Senor Cierva was well 
known in this country, since, after his first demonstra- 
tion of his early form of autogiro at Farnborough 
some twelve years ago, he made England his second 
home. Here it was that, with the assistance of his 
associates and with the help of the Air Ministry, he 
developed his remarkable invention through its 
several stages. . 

In its earliest form the windmill rotor was run up 
to speed by a man-handled rope or alternatively by 
a long process of taxi-ing about the aerodrome. His 
next step was to fit a special tail plane, which could 
be set up at some 45 deg. and deflect part of the 
slip stream from the tractor airscrew upwards through 
the windmill disc. This set the windmill into 
rotation. Consideration was later given to the 
alternatives of fitting reaction jets at the blade 
tips and feeding them with compressed air, or even— 
in the case of seaplanes—with a water jet. In due 
course, however, all these were abandoned in favour 
of taking a drive from the rear of the engine and dis- 
connecting this by means of a clutch before flight. 

The very latest development introduced by the 
inventor was to arrange for the pitch angle of the 
windmill blades to be made adjustable. It then 
became possible for the engine to spin up the windmill 
with its blades at zero incidence, and for’ the pitch 
angle then suddenly to be increased. This caused the 
entire aircraft to leap into the air to 30ft. or more, 
after which the tractor airscrew drew the craft up 
the usual climb path through the air. The run on the 
ground was thus reduced to zero and _ helicopter 
performance was rivalled, without incurring, how- 
ever, the dangers associated with sudden engine 
failure, which so commonly arise in helicopter designs. 

Senor Cierva also made much play with the hinging 
of his windmill blades. By the use of his original 
hinges he avoided the gyroscopic effects which would 
otherwise have embarrassed him, and by his later 
method of damping the lateral motion of his blades 
he avoided the troubles due to his original arrange- 
ment of weighted wire cord connections. 

Although the passing years brought all these modifi- 
cations to the original autogiro, nevertheless the 
original aircraft was a practical flying machine, and 
no one who was present at the original demonstration 
at Farnborough (for which the craft had been brought 
from Spain at Air Ministry request) will ever forget 
the astonishment of the distinguished body of 
onlookers who saw the windmill continuing to rotate 
and sustain the machine despite the absence of any 
mechanical connection between it and the engine ; 











and this wonder was not diminished when they 
realised that the windmill was rotating in the opposite 
direction to that which their ‘‘ common sense”? would 
seem to indicate ! 

Senor Cierva was but forty-one years old when he 
died, but he lived long enough to see his invention 
reach a practical form, carrying out his original ideas 
to their fulfilment. He lectured several times to the 
Royal Aeronautical Society, of which he was elected 
Fellow, and he was awarded first the silver medal of 
the Society and later its Wakefield gold medal and 
its Guggenheim medal, 

Senor Cierva will long be remembered as a brilliant 
inventor, most capable engineer, and a man of real 
personal charm. 


ENGINEER REAR-ADMIRAL 
W. J. ANSTEY. 

By the death of Engineer Rear-Admiral W. J. 
Anstey, which took place at his home at Hendon on 
Sunday, December 13th, the Royal Navy has lost a 
capable engineer officer who held many responsible 
positions in the service and who was Assistant 
Engineer-in-Chief at the Admiralty during the 
greater part of the war. He was the son of the late 
Mr. William Anstey, of Portsmouth Dockyard, and 
was born in Portsmouth in 1860. He received his 








education in Portsmouth and proceeded to the Royal 
Naval College at Greenwich and was afterwards 
appointed to H.M.S. ‘“‘ Audacious,” which was at 
that time the flagship of the China Station. In 1889 
he returned to Greenwich, and three years later he 
was put in charge of the drawing-office at Chatham 
Dockyard. After promotion to chief engineer, he 
was made First Assistant to the Chief Engineer of 
Chatham Dockyard, and later was selected for special 
service at the Admiralty. In 1900 he was appointed 
the Chief Engineer of Hong Kong Dockyard. Two 
years later he became an engineer commander, and 
in 1904 he resumed sea service as engineer com- 
mander in the battleship ‘‘ Venerable,” flagship of 
the Rear-Admiral in the Mediterranean Fleet. In 
1906 his services were utilised in connection with 
experiments with oil fuel, which at this time 
was being tried in all classes of ships. In October, 
1909, he was appointed Engineer Manager at Devon- 
port Dockyard, and was promoted to engineer 
captain in January, 1911. In the same year he was 
made Assistant Engineer-in-Chief at the Admiralty. 
He was promoted to engineer rear-admiral, and was 
made C.B. in the New Year Honours List in 1917. 
On retiring from his naval duties in 1917, he was 
appointed Officer in Charge of Administration in the 
Aeronautical Inspection Department, in which he 
served until after the end of the war. 








Letters to 


the Editor. 


(We do not hold ourselves responsible for the opinions of our correspondents.) 


RAILWAY ELECTRIFICATION. 


Srr,—May I be permitted to reply to Mr. Rettie’s 
further interesting letter on the above subject appearing 
in the November 27th issue of THE ENGINEER ? 

Your correspondent repeats a statement which is 
frequently made by advocates of railway electrification, 
namely, that no extra power can now be developed by 
the steam locomotive short of exceeding the loading gauge. 

Actually, developments in steam locomotive design 
within the limits of the loading gauge have taken place 
exactly as in the case of rival forms of motive power, and 
to-day the margin in favour of one or the other is so 
slight that it may vanish ever a very short period of time, 
As an instance, I would draw attention to the new and 
modern steam locomotives ordered a short time ago 
by the New York, New Haven, and Hartford R.R., which 
haul fifteen steel coaches between New Haven and Boston 
at a speed which some few years ago would have been 
considered impossible of attainment except by the adop- 
tion of electric traction. 

Then I would remind Mr. Rettie that as far as this 
country is concerned, the modern steam locomotive is 
quite capable of meeting all demands with a considerable 
margin in hand, and there is, consequently, no need 
for more powerful machines, especially when it is borne 
in mind that the volume of traffic carried by the railways 
in the future is not likely to increase beyond that dealt 
with in the years immediately prior to the Great War. 

For this reason it is probable that progress will be in 
the direction of improving efficiency rather than in 
increasing weight and power. 

I cannot, for one moment, agree with Mr. Rettie that 
my reference to the Garratt locomotives in use in South 
Africa has been answered by Mr, Johnston. My reasons 
are the following :— 

(1) The electrification of the Natal main line of the 
S.A.R. was purely a political move. 

(2) Reference to the general manager’s list of locomo- 
tives reveals that the electric tractors have a comparative 
tractive effort of 21,200 lb., so that three of these exert 
an effort of 63,600lb. In the case of the G.L. 4-8-2 
+ 2-8-4 Beyer-Garratt steam locomotives, a conserva- 
tive estimate (at 75 per cent. boiler pressure) is 78,650 lb., 
which is over three times the power of one electrical 
unit. The cost of three electrical units was originally 
£11,000 each, making £33,000, whilst she cost of the 
Garratts was £14,000 each. Therefore, they will perform 
the same work as three electrical units at half the cost 
without allowing for the fact that the latter are quoted 
at the ‘‘ dead” price and nothing has been added for 
overhead equipment and power station costs. 

(3) Quite definitely the Garratts can beat two electric 
units in spite of Mr. Johnston’s test run figures (which, 
incidentally, are of little significance), whilst they can 
pull the load of three electric units, but not quite at the 
same speed. 

(4) An extract from the general manager’s report for 
1928 referring to electrification reads as follows :— 
‘“‘ The necessity for the more expeditious transit of traffic 
between Durban and Pietermaritzburg is appreciated, but 
in my opinion this can be as efficiently and more 
economically obtained under present conditions through 
the medium of steam locomotives of high tractive 
power and by doubling the line where necessary.” 

It is, in addition, officially admitted that had the 
Garratt engines been forthcoming a year earlier, it is 
quite likely that electrification would have been shelved, 
especially as the traffic never came near the possible 
steam capacity when electrification was decided on. 

Now that the line is electrified to Durban it will be 


> 








interesting to note what freight loads the three electric 
units can take and in what time. 

Mr. Rettie apparently overlooks the fact that the 
Virginian Railway hauls coal traffic only at very low 
speeds, so that it is impossible to compare the working 
of the 16,000-ton trains with anything in Britain. 1 
would, however, draw his attention to the statement of 
a leading American railway engineer regarding these 
lines. He says: ‘I question if any railroad having 
normal grades and operating conditions and handling a 
general business would be warranted in incurring the 
expenditure made by the Virginian.” 

The somewhat dismal picture presented of five or more 
steam locomotives struggling with their train over the 
Rockies whilst the same work is performed on the 
Milwaukee and St. Paul by two electric tractors loses 
significance when it is remembered that electrification 
of the Rocky Mountain section of the latter railway was 
responsible for bringing it into the hands of the receiver. 

I should nevertheless be pleased to hear which trans- 
continental route now regularly employs the large number 
of steam engines quoted by Mr. Rettie on its trains. 

In conclusion, Mr. Rettie appears to think that elec 
trification of the Blackpool suburban lines would attract 
traffic back to the railway from the roads. He is certainly 
an optimist, and would have no small difficulty in persuad 
ing the L.M.S. to agree with him. 

Here, at Newcastle, in spite of cheap tickets, the 
L.N.E.R. officially announced that the electrified Tyneside 
lines carried one-half the number of passengers in 1929 
that they carried in 1913, which reduction was ascribed 
to “increased competition from tramways and omnibuses.”’ 

A similar reduction has taken place (as Mr. Rettie will 
probably know) on the electric lines from Liverpool to 
Southport and Ormskirk, and from the same cause. 
It is accordingly very rash to state that salvation is to 
be found in electrification, and I think that the extreme 
reluctance of the L.M.S. to electrify the Wirral section 
bears this out. It is recognised that little extra profit 
will accrue therefrom, and but for the help received from 
the Government the scheme would probably have been 
postponed indefinitely. B. RicHarpson. 

Newcastle-upon-Tyne, December 9th. 


Srr,—With reference to further correspondence regard- 
ing railway electrification, which appeared in your issue 
of the 4th instant, I am still unconvinced that there is 
any real basis for Mr. Richardson’s assertion that a lag 
in the Southern Railway’s freight receipts is due to gliffi- 
culty in working freight trains over lines which also carry 
heavy electrical passenger services. I think it is cleartthat 
the number of paths available for freight trains over a 
given stretch of line depends mainly on the conjunction 
of two factors: (a) the amount of other traffic, (6) the 
arrangement of the block sections. Mr. Cox mentioned in 
his paper that freight workings have to be arranged over a 
line carrying eight passenger trains an hour. If it be 
assumed that the capacity of this particular section is 
but twelve trains an hour, it is evident that only four paths 
hourly are available for freight workings unless (i) the 
passenger service is reduced, or (ii) the signalling is re- 
arranged so as to permit of a shorter interval between 
trains, and this position would obtain whatever form of 
motive power was in use. In any case a good deal of the 
Southern’s freight traffic passes over lines which are still 
worked solely by steam, and are not proposed to be 
electrified. In the electrical area itself there are sections 
over which the volume of freight traffic is small and can 
be handled without conflicting in any way with the 
passenger trains. In my previous communication IT 
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stated that most of the freight trains in the Southern’s 
Perhaps this 
phrase was not precise enough, but in amplification I may 
say that the term “at night” was intended to cover, 


electrical area can be worked at night. 


roughly, the period from 8 p.m, to 6 a.m. As Mr. Cox 


stated, it would not be practicable to confine the running 


of freight trains to the hours (about five) when the elec- 
trical services have ceased running. 

Mr. Richardson asserts that the Southern Railway’s 
steam-worked suburban services were antiquated, notori- 
ously slow, and inadequate. From personal experience I 
should say that the steam suburban trains on the Southern 
lines at the time of grouping were at least no worse than 
others of a similar character. But it is, of course, a matter 
of history that there was, at that time, only a full steam 
suburban service on the S.E. & C.R., and even in this case 
a comprehensive scheme for electrification within 
30-mile radius of London had been prepared. Practically 
the whole of the then suburban routes on the L. & S.W.R. 
were electrically worked, and while the L.B. & 8.C.R. had 
only four of their suburban routes electrified they were 
proceeding to electrify others. Had not the war of 1914-18, 
with its disastrous effects, occurred there is but little 
doubt that the whole of the suburban lines of these two 
companies would have been electrically operated many 
years before they were. 

While steam trains were possibly capable of satis- 
factorily handling the pre-war volume of suburban traffic 
on the Southern lines, it was pointed out by the chairman 
of the Southern Railway’s annual meeting in 1925 that 
the constant growth of traffic (which had expanded by 
26 per cent. in the decade 1913-23), and the restriction of 
the peak periods due to post-war changes in working 
hours, had resulted in the lines leading into London being 
fully occupied, and severely taxed the capacity of the 
terminal stations. It was with a view to relieving such 
a situation that electrification was carried out, and 
although electrical working has brought its own problems 
(as was foreshadowed in the chairman’s speech referred to), 
it is very difficult to believe that steam haulage, which 
was unequal to the demands placed on it more than ten 
years ago, could satisfactorily cope with the vast increases 
in traffic which have occurred since. Particularly is this 
so when it is considered that many of the Southern sub- 
urban lines are sharply graded and curved and that the 
terminal stations, not only in London, but in certain 
coastal towns as well, are incapable of alteration except at 
prohibitive cost. 

As regards the financial aspect of the Southern Rail- 
way’s electrification schemes, the chairman’s statement at 
the company’s last annual meeting was that the average 
return on the company’s expenditure of £23,000,000 on 
electrification, docks, and road transport was 8} per cent., 
and there is reason to think that the actual return on the 
last two items was less than the average. In an earlier 
part of the same speech the chairman emphasised that 
every possible care was taken when working out the value 
of any proposals for electrification or improved facilities 
to ensure that the return on money spent should not only 
pay interest on any new capital expended, but result in a 
surplus. 

I am,afraid Mr. Richardson regards electrification as a 
deadweight on the Southern Railway’s finances. Without 
professing any inner knowledge I should say, rather, that 
the electrified lines are playing financially the part of the 
strong man, and by means of their increasing returns 
furnishing the interest for a larger amount of capital than 
they should in strictness be called upon to provide. 

December 14th. SELEc, 


a 


Srmr,—I have now received a reply to my letter from 
Mr. W. D. Wiggins, chief engineer, Pennsylvania Railroad, 
which I referred to in a previous letter to you on the 
question of the difficulty that might be experienced if 
the Blackpool area was electrified in the changing of the 
engines at Beston. The following is an extract from 
Mr. Wiggins’ letter :— 


* A factor in the problem is the volume of traffic on the 
line and whether the traffic required for the change will 
obstruct the movement. 

“In 1904 electric operation was provided between the 
P.R.R. passenger station, New York City, and Manhattan 
Transfer, 8-8 miles west thereof. The minimum number 
of trains passing Manhattan Transfer on three eastward 
and three westward tracks was 500 per day, of which a 
minimum of 172 changed power from electric to steam, or 
vice versé. This change was normally made on two tracks, 
one in each direction, the trains not changing power being 
normally moved on the four other tracks. 

“In January, 1933, electrification was extended from 
Manhattan Transfer to Paoli, west of Philadelphia, 
110 miles west of New York, and to Washington, D.C., 
327 miles from New York. Change of locomotives at 
Manhattan Transfer is no longer necessary, and is now 
made at Paoli, and amounts to a minimum of 32 trains 
per day. In addition, there are 20 passenger trains per 
day on which locomotives are not changed, 79 trains of 
M.U. cars and 25 freight trains. The line has four main 
tracks at Paoli. Two tracks, one in each direction, are 
used almost exclusively by trains that change power, 
as well as by the M.U. trains and most of the passenger 
trains on which power is not changed. The two other 
tracks are normally used by freight trains and a few 
passenger service trains. 

‘“* Our experience has shown. that it requires five to six 
minutes to make the locomotive change, whereas the stop 
to take on and discharge passengers need consume only 
one or two minutes. We have experienced no great 


“‘ Our experience has shown that the cost of changing 
from steam to electric power or vice versé is appreciable, 
consisting of the extra expenditure for facilities and the 
cost of operating such facilities, extra crew costs, &c.” 

With reference to Mr. Richardson’s last letter, his com- 
parisons of an up-to-date steam road showing the same 
results as the increase in traffic supposed to be due to 
electrification on the Southern Railway, and also in the 
articles which appeared in THe ENGINEER during July, 
where it was shown that on one of the American railways 
that was electrified and where the increase in traffic was 
supposed to be due to electrification, and yet in another 


But in spite of that fact, surely Mr. Richardson would 
not advise the existing electric railways to go back to 
steam. 

The popularity of travelling on an electric railway, the 
cleanliness and comfort, absence of smoke, and better 
acceleration, in my estimation, has more to do than any- 
thing else to secure the great increase in traffic whenever 
the steam roads have been electrified. 


points raised in Mr. Richardson’s letters. 
remarks on the Blackpool area. I omitted to mention in 
my previous letter that one of the advantages of the elec- 


thus saving time over the steam-driven trains. 
point is that more electric trains can be moved on a given 
section of track than steam trains, and in many cases 
would save the railway companies from having to double 
the tracks with increase of traffic. 

‘ CHARLES RETTIE. 
Liverpool, 8, December 15th. 


HYDRAULIC POWER IN WALES. 
Siz,—I have read with interest your leader on the 
Caledonian power scheme, in which it is proposed to form 
another large hydro-electric power station, using the 
water from adjoining lochs by suitable diversion, con- 
servation, &c. The main object, it is understood, is for the 
production of calcium carbide. 
The object of this letter is to ask why such a type of 
cheap electric power production has not been proposed 
for the central area in Wales, extending towards the south, 
in which there is relatively heavy rainfall. 
One would have thought that in the consideration of 
possible new industries for the upper end of the narrow 
valleys in Wales, like Merthyr Tydfil, that hydro-electric 
refinery proposals would have been brought forward. 
There is, unfortunately, only too ample labour capacity 
in those areas, whereas in the area proposed by the 
Caledonian scheme one would have thought very little 
indeed. 
It would be interesting if you could ascertain in any 
proposal for Wales. ALAN CHORLTON. 
London, December 14th. 


VENTILATION OF THE MERSEY TUNNEL. 
Srr,—The firm of Walker Brothers (Wigan), Ltd., of 
which I am a director, was responsible for the design, 
construction, and installation of ventilating fans which 
are dealing with 70 per cent. of the total ventila- 
tion in the Mersey Tunnel, and the very inaccurate 
suggestions which have appeared in correspondence in 
the non-technical Press are proving definitely harmful 
to my firm. 

Reference has been made to an original scheme of 
ventilation propounded by Mr. Ole Singstad, and it 
was further suggested that had Mr. Singstad’s system 
been adopted on the Mersey Tunnel, the total cost of 
ventilation plant and buildings would have been con- 
siderably less. Reference was also made to the 
fact that Mr. Singstad’s system was operating in New 
York and elsewhere on tunnels dealing with more traffic 
than is at present using the Mersey Tunnel. 

It is quite obvious to anybody connected with tunnel 
design and construction that it was essential to equip 
the tunnel at the outset with sufficient ventilation to 
deal with any peak loads which might arise in the early 
years, and also to deal with the ventilation in years to 
come when traffic had reached the saturation point, so 
that references to the American tunnel dealing with more 
traffic than the Mersey Tunnel are of no importance. 

In the first place, Mr. Singstad never put forward 
a scheme for the ventilation of the Mersey Tunnel, but, 
before the final scheme was adopted, it was decided to 
make tests on a length of the tunnel under Hamilton- 
square, Birkenhead, to prove whether the system as 
adopted by Mr. Singstad for the Holland Tunnel in New 
York was suitable for the Mersey Tunnel, or whether 
some alternative system should be adopted. 

These tests were carried out under the supervision of 
the late Dr. Haldane and Professor Hay, who were acting 
with Messrs. Mott, Hay and Anderson, the consulting 
engineers. 

Certain plant for these experiments was erected in 
the neighbourhood of Hamilton-square, Birkenhead, 
and no doubt the erection of that plant, and the sub- 
sequent removal, gave rise to rumours that a ventilation 
system had been tried and had had to be abandoned. 

The first experiment was that of Mr. Singstad’s system 
as used in America of the purely transverse ventilation. 
The second experiment was the semi-transverse system. 
As a result of these experiments the latter system was 
unhesitatingly adopted, and time has shown this to 





difficulty in making the change. 





county on a steam road the same results were shown. | 


In conclusion, I would like to refer to one or two other 
One is his 


tric drive is the fact that the engines do not have to turn 
round at the terminals as they can go ineither direction, and 
Another 


way what have been the limitations against such a similar 





Had Mr. Singstad’s system been adopted at the Mersey 
Tunnel, there would have been an additional cost for 
the construction of an overhead duct, which would have 
increased the capital outlay on the tunnel by more than 


£200,000. There would also have been the additional 
cost of drawing the exhaust air through this restricted 
duct which would have involved a large additional annual 
expenditure. 

Some comparisons of the cost of ventilation on the 
Holland Tunnel, at New York, which is the one for which 
Mr. Singstad is responsible, and the ventilation of the 
Mersey Tunnel, are interesting : 


Holland Mersey 
Tunnel. Tunnel. 
Total volume of air, fresh 
| and exhaust, cubic feet 
per minute \ . 11,521,000 . 10,000,000 
Volume of ventilation per 
track foot, cubic feet 82 85 
Proportion of standby 
plant, percent. ... ... 50 100 
Cost of ventilation build- 
ings wagh paeets Lage. a £750,000 £510,000 
Cost of ventilation build- 
ings per track foot ae £20 £9-6 
Cost of ventilation plant... £373,000 £242,000 
Cost of plant per track foot £10 £5 


It may be argued that it is not fair to make a com- 
parison of two different tunnels, as, in the case of the 
Holland Tunnel there are two tubes with two lines of 
one-way traffic in each case, whereas in the Mersey 
Tunnel there is only one tube with two lines of traffic 
in each direction. These, however, can easily be brought 
to a comparable basis by showing them in terms of cost 
of buildings and plant per track foot, which figures are 
given in the foregoing table. 

These figures are taken from the “Transactions ~ 
of the Institution of Civil Engineers, and were given at 
the discussion on the paper read before that Institution 
by Mr. David Anderson, of the firm of Mott, Hay and 
Anderson. 
In fairness to my firm I feel that it is necessary to 
clear up a misapprehension, as I have already had very 
clear proofs from discussions with customers of my firm 
that we are considered to be partly responsible for a 
serious blunder in the ventilation system of the Mersey 
Tunnel. 
It is quite clear to anyone who has had experience 
of the Mersey Tunnel that no blunder has been made in 
connection with the ventilation, but, on the other hand, 
the scheme of ventilation has been proved to be perfectly 
satisfactory in every way. 
WALKER Brotuers (WiGAn), Ltd., 
E. Barton WALKER, 


Wigan, December 10th. Director. 
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Hydraulics. By C. W. Harris. London: Chapman and 
Hall, Ltd., 11, Henrietta-street, W.C.2. Price 13s. 6d. net 

Accidents and their Prevention. By H. M. Vernon, M.A. 
London : Cambridge University Press, Fetter-lane, E.C.4. 
Price 15s. net. 

The Story of Bridges. By A. Black. London: McGraw 
Hill Publishing Company, Ltd., Aldwych House, W.C.2. 
Price 12s. 6d. net. 

Soil Erosion and its Control. By Q. C. Ayres. London : 
McGraw Hill Publishing Company, Ltd., Aldwych House 
W.C.2. Price 21s. net. 








Chart Aids to Management. By M. L. Yates, M.Se. 
London: Emmott and Co., Ltd., 28, Bedford-street, 
W.C.2. Price 1s. 6d. net. 

JUBILEE OF STERNOL, Ltp.—We have received a 


brochure commemorating the jubilee of Sternol, Ltd., 
Royal London House, Finsbury-square, London, E.C.2. 
This well-known firm of oil refiners and lubricant manu- 
facturers was founded in 1886. The brochure, in addition 
to tracing the firm’s growth, describes the works of which 
a number of interesting illustrations are given. 

** Kempe’s ENGINEER’S YEAR Boox.’’—We are asked 
to point out that the prosecution of two men on Monday, 
the 14th inst., at the Tower Bridge Police Court, on a 
charge of conspiring in connection with the obtaining of 
entries in “‘ Kemp’s Directories,” has no reference to the 
long-established publication known as ‘“‘ Kempe’s Engi- 
neer’s Year Book,” the forty-third annual edition of 
which has just been published by Morgan Brothers 
(Publishers), Ltd. 


Tue House or Lister.—The annual dinner of R. A. 
Lister and Co., Ltd., of Dursley, Gloucestershire, took 
place at the Café Royal on Wednesday, December 9th, 
and was attended by more than five hundred members of 
the staff, guests, and friends. The chair was taken by 
Mr. Percy Lister, the chairman of the firm. The toast of 
the evening was that of. “‘ British Industry,” and it was 
ably proposed by Mr. A. M. Lyons, K.C., who at short 
notice took the place of the Lord Chief Justice, Lord 
Hewart, who was to have been the principal guest of the 
evening, but was unable, owing to national affairs, to 
attend. Mr. Lyons stressed the necessity for peace, which, 
he said, was the important factor for the success of British 
industry. He congratulated the firm of Lister on a year of 
record achievement and called to the minds of those 
present the fact that the whole future of the trade of this 
country lay in its possibility of expansion in the markets 
overseas. In the course of his reply Mr. Percy Lister said 
that during the past year the firm had not only had a 
record year from the point of view of turnover, but also in 
the number of workers employed, which now amounted 
to more than 4000. After the dinner the company present 
attended a performance of the musical comedy ** Over She 





be the most economical method and superior to any other. 


Goes ”’ at the Saville Theatre. 
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The Entropy and Enthalpy of Compressed 


Water at and near 


By W. J. 


TP\HE values of the entropy 9 and the enthalpy I 
for water which are normally tabulated in Steam 
Tables are for the liquid in the saturated condition, 
2.€., existing under a pressure just equal to the vapour 
pressure corresponding to the reigning temperature. 
The employment of high steam pressures involving 
the compression of water to high pressures in boiler 
feed pumps has excited interest in the properties of 
compressed water. In a paper entitled “ Thermal 
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Properties of Compressed Liquid Water,”’! Professor 
Keenan, of the Stevens Institute of Technology, has 
dealt with the deviations of the entropy and enthalpy 
values from the saturation values for temperatures 
ranging from 0 deg. Cent. to the critical temperature, 
374-1 deg. Cent., and tabulated certain properties of 
compressed water for this range of temperature. 
Another paper, entitled “The Thermodynamics of 
High-Pressure Water,”* by Professor Smallwood, of 
the Johns Hopkins University, deals with the same 


KEARTON, 


the Freezing Point. 
D. Eng., M.I. Mech. E. 


where, for example, 
P=absolute pressure in pounds per square foot ; 
T=absolute temperature in Fahrenheit units ; 
v=specific volume of water, cubic feet per pound ; 
J=Joule’s equivalent, 777-8 ft.-lb. per B.Th.U. 


° ' , igs dv . 
The partial differential coefficient (=) is equal 
P 


to the slope of the tangent to the curve of specific 
volume at constant pressure when plotted against 
temperature. The variation of v with temperature 
at the constant pressure of one atmosphere is shown 
in Fig. 1. The minimum specifie volume occurs at 
’ cans ss ; dv 
4 deg. Cent. (39-2 deg. Fah.), and since — 
adT/P 
is here equal to zero, the change of entropy with 
pressure, at any rate for moderate pressures, is zero. 
3 : dv 
Above 39-2 deg. Fah., av 
cf 


change of entropy is negative ; below 39-2 deg. Fah., 
° 


), is positive, and the 


() is negative 1 the change of entropy is 
aT) 3 negative, anc the change of entropy is 
positive. 

The question which now arises is whether the 
temperature of maximum density or minimum specific 
volume is affected by change of pressure. Both 
Keenan and Smallwood have deduced their results 
on the assumption that it is not, with the result that 
the constant pressure curves on the T—9 chart for 
water all intersect the saturation curve at the same 
point, namely, at 39-2 deg. Fah. 

So far as the writer is aware, the only detailed 
examination of the specific volume of water under 
high pressures and at temperatures in the neigh- 
bourhood of the freezing pomt is due to Professor 
P. W. Bridgman.’ Bridgman’s work shows that as 
the pressure is raised, the temperature at which the 
specific volume is a minimum falls. At 500 atmospheres 
it is about 0 deg. Cent., and at 1000 atmospheres it 
is about —1 deg. Cent., Fig. 2. 

The present article is concerned with the entropy 
and enthalpy changes for pressures up to 500 kilos. 





per square centimetre, or 7000 Ib. per square inch. 


man’s values for the specific volume at 500 atmo- 
spheres showed that a certain amount of fairing was 
. [dv 
necessary, Consequently, the values (FF 
sary yuently, the values of Gt) e 
7000 lb. per square inch (Fig. 3) are somewhat 


for 


approximate. The shape of this curve has a special 
significance in other respects, because 

(83), = 2 (3 

dP/t aT?) » 
Within the range of temperature dealt with, the 


, vai , ares dy\ 
second partial differential coefficient (Ss), is always 
p > 


ve oat i ‘ dC 
positive. This results in a negative value for (2) , 
dP/+r 
and suggests the type of entropy curve shown in 
Fig. 4, since for any given rise in temperature the 
7 
2 oe 
T. , Where T, and 
1 
T, are the initial and final temperatures respectively, 
for a small change in temperature, is less for the 
) £ 
higher than for the lower pressures. At zero pressure 


entropy change, which is Cp. loge 


av\ . st 
aT), nearly constant, but at 500 atmospheres 


the value varies in a surprising manner, leading to 
rather pronounced changes of slope in the constant- 
pressure line on the T—g diagram. A careful re- 
plotting and fairmg of Bridgman’s experimental data 
led to the same result, and until other data are avail- 
able, it seems that this result with all its implications 
must be accepted. 

There are no published data relating to the specific 
volume of water at pressures between 0 and 500 atmo- 
spheres, and the data for 500 and 1000 atmospheres 
are such that interpolation is not easy. The change 


: . (dv ; . 
in the value of () was accordingly made simply 
€ > i 


proportional to the change im pressure. 

The basic liquid line for saturated water on the 
T—9 diagram was caJculated from the specific heats 
given in Table VI of Marks and Davis's * Tables and 
Diagrams of the Thermal Properties of Saturated 
and Superheated Steam.” These embody values of 
the specific heat of undercooled dust-free water 
obtained experimentally by Barnes and Cooke.® 
The interestmg experiments of Barnes and Cooke 
demonstrated that the variation curve for the specific 
heat of water was continuous through the normal 
freezing point. We are therefore justified in con- 
tinuing the saturation curve through the freezing 
point on the T—@ diagram. 





Values of the entropy of compressed water are given 
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subject in its theoretical aspects, but is not con- 
cerned with the tabulation of values. 

The change of entropy during the compression of a 
homogeneous substance at constant temperature may 
be calculated from the well-known Maxwell equation 


(8).~ ~ 5G) 
dP/r J \dT/r 


53, pages 127-131, 1931. 





1 Mechanical Engineering, Vol. 


2 Mechanical Engineering, Vol. 53, pages 714-718, 1931. 





The available data on the specific volume of water at 

atmospheric pressure permit of an accurate deter- 
ede . {dev : 

mination of values of (=) P Such values are 


shown in Fig. 3 for p=0. A large-scale plot of Bridg- 





3“* Thermodynamic Properties of Liquid Water to 80 deg. 
and 12,000 kgm.,” “ Proc.,”” Am. Aead., Vol. 48, pages 310- 
362, 1912-13. 





in the adjoining table, and Fig. 4 shows the constant- 
pressure lines for pressures ranging from 3000 Ib. 
to 7000 lb. per square inch. The temperatures at 
which the entropy of saturated water is identical 
with that of compressed water are shown by small 
circles. For the stated pressures, these temperatures 
are, so to speak, the temperatures of inversion of 





4 Publishers, Messrs. Longmans, Green and Co. 
5 Physical Review, Vol. 15, page 65-72, 1902. 
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adiabatic compression. Above these temperatures 
an adiabatic compression of water results in a rise 
of temperature ; below these temperatures a rise in 
pressure produces a fall in temperature. In the latter 
case, since external work is done on the water during 
compression, we have the rather surprising result 
that an increase of internal energy is accompanied 


4000 


Pressure —Lb.per Sq.in. Abs 





0 


Specific Volume of Water —Cu.Ft.per Lo. 


“Tae Enoineer"* 


Fic. 5 


by a fall in temperature. The ice points are indicated 
by double circles. The temperature axes have been 
given a small shift so as to show more clearly the 
constant-pressure lines in relation to the saturation 
curve. 

The deviations of the enthalpy values from those 
of low-pressure saturated water may be found from 

BE 


the relation 
(“) a T (=) 
dP/r J J \dT/r 


At constant temperature and for a small change in 
condition 


y.¢P T fdv 
(dl) = ; vee (=) Pr ae 
Hence 
p Pr 
, aPpi@ 
(L—tade= [22% —F | ($6), -aP. 
Peat Psat 


A typical isothermal compression line is drawn to 
scale in Fig. 5. The saturation curve is also drawn to 
scale in the same figure. The isothermal compression 
line is, to all intents and purposes, a straight line, 

P 
: L : ; 
and the integral j vdP is practically equal to 


Psat 


K z (P- Psat): 


The basie values of I,q for the saturated liquid 
have been calculated from the same data as the 
entropy changes. Values of I for the compressed 
liquid are given in Table I, and a diagram is given 
in Fig. 6. ‘ 

TaBe I.—Entropy and Enthalpy of Compressed Water. 








Pressure, lb. per sq. inch abs. 
} 














t deg. 4000. 5000. 
co ai tla a ct ives i 
| Sedeid I. | Q- Fede 

27-31 | | —0-00854 | 10-48 
23 —09-00729 | 11-11 
28-40 | --0-00672 | 8-48 

30 000365 | 9-99 | —0-00356 12-94 
32 | +0-00019 | 11-88 | +0-00017 14-78 
34 =| = 0-00403 | 13-78 0-00390 16-63 
36 0-00788 15-68 0-00766 | 18-48 
38 0-01175 | 17-60 | 0-01147 | 20-37 
40 0-01564 | 19-54 | 0-01531 | 22-28 
42 0-01955 | 21-49 | 0-01920 | 24-22 
44 0-02345 | 23-46 0-02309 | 26-18 
46 002734 | 25-42 0 -02697 28-13 
48 0-03123 27-39 | 003084 30-10 
50 0-03510 29-36 | 0-03471 32-06 


From The Freezing Point to 50°F 
Freezing Points Shown - 








American Engineering News. 





Hydraulic Turbine Efficiencies. 

IMPROVEMENTS in the design of scroll cases 
and draught tubes for large hydraulic turbines have 
resulted from experimental studies for investigating the 
disturbances which occur in these parts of a turbine 
installation. Models of 60,000 H.P. units were made to 
about one-fiftieth scale, with the runners about 6in. in 
diameter. Windows on the top and sides of the scroll 
case enabled the action of the water to be observed and 
photographed. Soaked sawdust placed in the intake 
would follow the course of the water currents, and thus 
make them visible in the photographs. Daylight photo- 
graphy was not successful, but with a proper development 
of electric lighting excellent results were obtained. In 
fact, eddies and disturbances not visible to the eye were 
shown clearly on the photographs. Different forms of 
scroll cases were tried, and the one adopted carried more 
water with the same head than any of the others, while 
the flow was very smooth. For the actual installation 
there are three intake channels leading to each scroll case, 
and in the adopted design all islands between the channels 
at their entrance to the scroll case were eliminated, as 
this arrangement gave a smoother and more equable 
flow. while the vortex at the speed ring is eliminated by 
the design of the distributing blades. Moving pictures 
were taken and by running these at slow speed, the action 
and disturbances of the flowing water could be studied 
very effectively. These experiments and tests were made 
by Government engineers (United States Army) in connec- 
tion with the hydro-electric plant at the Bonneville dam 
on the Columbia River. There will be two 60,000 H.P. 
main generating units of the single-runner, vertical-shaft 
type. In the adjustable blade runners the blades and 


control gates operate automatically at any change in speed 
due to varying load or head. They will operate at 75 





Nore.—Figures in heavy type represent values at the freezing 
point. 
Pressure, ib. per sq. inch abs. 
t deg ~ Saturation. 1000. 
Fah. we a —— ~~ —--- 
QP 1. | q. I. 
24 0-01659 |— 8-09 
26 | —0-01241 | — 6-06 
28 0-00825 |— 4-04 
30 0-00411 | 2-02 
31-28 0 00140 2-28 
ae 0 + 0-00009 3-01 
34 | +0-00409 | 2-02 0-00415 5-01 
36 =| «=0-00816 =| Ss 4-03 || «(000818 7-00 
38 0-01221 6-04 | 0-01220 8-99 
40 0-01624 8:05 | 0-01619 10-99 
42 | 0-02026 | 10:06 | 0-02018 12-98 
44 0 -02425 12:07 | 0-02414 | 14-98 
46 0-02822 | 14:07 | 0-02810 16-97 
48 0-03218 16-08 | 0-03203 18-97 
50 =| «=0-03612 | «18-08 | 0-03595 20-96 
| 
| Pressure, Ib, > per sq. inch abs. 
tdeg. | 2000. 3000. 
Fah. nee we “| — ae Ses 
| p. I. Q- I. 
| } ! 
29-48 | | | -0-00482 | 6-45 
20, 1:1 0:00375 | 7-02 
30-38 —-0-00804 | 4:38 | 
32 +0:00016 | 5-99 | +0-00018 | 8-95 
34 0-00415 7-96 | 0-00411 | 10-90 
36 0-00814 | 9-94 | 0-00804 12-84 
38 0-O1211 | 11-91 | 0-01197 14-78 
40 0-01608 | 13-88 | 0-01589 16-74 
42 0:02004 | 15-86 | 0-01982 18-71 
44 0:02398 | 17-85 | 0-02375 20-68 
46 0-02791 19-83 | 0-02766 22-65 
48 0-03182 21-82 0-03156 24-64 
50 0 -03572 23-80 | 0-03544 26-62 
' 





The runners have five 


revolutions under a head of 50ft. 








blades, faced with chromium-nickel as protection against 
erosion. 


American Railway Sleepers. 

One reason why steel sleepers have made no 
impression on American railway track, and are now 
obsolete in spite of numerous experimental trials, is the 
long life and high economy of wood sleepers—or ties— 
as developed by careful use and by preservative treat- 
ment. As an example, ties on the Santa Fe Railway 
main lines now average twenty-two to twenty-five years, 
while twenty-five years ago the average was only ten 
years. Renewals per mile per year have declined from 
266 in 1909 to 104 in 1934. Treatment began in 1885, 
and ties treated in track now number some 107 million. 
All sleepers are 6in. by 8in., or 7in. by 8in., 8ft. long, 3250 
per mile (or 10}in. apart), thus affording excellent support 
for the rails and distribution of weight in the ballast. 
Before treatment the ends are sliced off, to expose incipient 
decay, and all boring and adzing is done by machine, 
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| each tie being marked to show kind of wood, kind and 

Pressure, Ib. per sq. inch abs. year of treatment, and weight of rail for which the spike 

SIE CCIE oa holes are bored. Dating nails are applied when the ties 

— 6000. 7000. are placed in the track. Treatment consists of a mixture 

= Pie F2 Tos Wes celion cd naTTOE wi | O., eeceuee,. ame petroleum, applied by the Rueping 

aie; ¥ Marea >; ho ee My "___| process. The petroleum has a definite function in pre- 

25-16 | 0-01187 | 14-71 venting checking or cracking of the wood. Each tie 

26-0 —0-01034 15-42 is protected by steel tie-plates or base plates, which are 

26-24 | —0-01032 12-54 8in. by 12}in. for 112 lb. rails. The various species are 

28 —0-00708 14-13, | —0-00685 17-11 distributed to parts of the line for which they are most 

30 —0-00349 15-90 | —0-00343 | 18-82 | suitable. Many experiments with woods from Mexico, 

34 " ae seas ets —s Japan, South America, Cuba, and Australia, have failed 

36 0-00738 21-36 "0 00703 23-99 to indicate any that are practically or economically superior 

38 0-01113 23-12 0-01070 | 25-80 to American woods. Track experiments have included 

40 0-01492 | 25-00 0-01446 27-66 screw spikes, special fastenings, and hardwood plugs or 

42 0:01877 | 26-92 0-01830 | 29-58 dowels for spiking in softwood ties. None of these has 

44 0:02265 | 28-87 0-02216 | 31-53 shown any ultimate advantage. An objection to the 

. saa” a a => common dog-spike is a tendency to split the wood, but 

50 0.03495 34.75 0.03372 | 37.40 boring holes for the spikes eliminates this trouble, reduces 


injury to the wood, and increases the hold or grip of the 
spike. A special engineering department has charge of 
the treatment, use, and investigation of track ties. 


High-speed Highways. 


With the continual extension of main highway 
systems in the United States and the improvement of 
existing routes to facilitate the increase in volume and 
speed of road traffic, there comes the necessity to provide 
adequate capacity at the approaches and entrances to 
cities, where traffic concentrates. By-pass roads provide 
for through traffic, but the traffic entering and leaving 
the cities is very heavy, and tends to congestion. An 
example of such entrance developments is an “ express 
highway,’’ 42 miles long, at St. Louis, which also extends 
through the city as an independent line, partly elevated 
and partly depressed, so that it has no street intersections, 
all cross streets being carried on bridges or in subways. 
About 35 miles are outside of and 7 miles within the city 
boundaries. The more distant part of the road is to have 
a concrete pavement 32ft. wide, with 21ft. width for 
present construction. The Missouri River is crossed by 
a bridge 4 mile in length, with a two-span continuous 
truss main span 1025ft. long, giving two openings 500ft. 
wide. On the bridge the roadway is 32ft. wide. From the 
bridge the pavement is 40ft. wide for about 7 miles, and 
then divides into two 20ft. roadways separated by a strip 
30ft. wide. This again changes to a six-lane route, 
followed by the depressed 50ft. roadway through Forest 
Park and the city.—An entrance work of a different kind 
at Detroit involves the widening of one of the principal 
thoroughfares both in the outlying district and through the 
business section of the city. Although a part of the street 
was 120ft. wide with 90ft. roadway, another part was only 
74ft., with a 50ft. roadway causing serious and increasing 
congestion troubles, especially with the heavy electric 
tramway traffic. A curious feature of the widening to 
120ft. is that the widening is on opposite sides of the 
street alternately, so that instead of being straight it is 
@ series of straights connected by long easy curves. This 
method was necessitated by the prohibitive cost of taking 
property for equal widening on both sides. Railway 





level crossings in the outskirts were also eliminated. 
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A New Instrument Works. 


THE lack of room for the purpose of works extension 
has for some years past caused a steady exodus of firms 
from the inner parts of London to the outskirts. One 
of the most recent firms to move is Bristol's Instrument 
Company, Ltd., which has left its old works at New Cross 
and taken larger premises in Brent-crescent, North 
Circular Road, West Twyford. This company was 
formed in England in 1932 for the purpose of manufactur- 
ing industrial indicating, controlling, and recording 
instruments, which for many years had been imported 
into this country from the United States. It is a result 
of the pooling of interests by the Bristol Company of the 
United States and J. W. and C. J. Phillips, Ltd., of New 
Cross, who sold the Bristol instruments in this country. 
Under this arrangement the British and American com- 
panies and the Bristol Company of Canada are associated, 
and the three firms pool their technical and research 
work, there being a continual interchange of new designs, 
improvements, and manufacturing problems. During a 


recent visit to the new works we were shown that the 





the nozzles. These nozzles are so proportioned in relation 
to the orifice that when their discharge is not throttled 
they permit enough air to escape so that only a slight 
pressure is produced in the diaphragm. As the edge of 
the vane cuts into the discharging jets of air, the discharge 
from the nozzles is throttled, the amount of throttling 
depending upon the position of the vane. When the vane 
cuts entirely through the jets of air, the throttling is at 
a maximum and a much higher pressure is built up in the 
diaphragm. The function of the diaphragm is to operate 
the pilot valve G. Full air supply pressure is always main- 
tained over the top of the pilot valve, and when the 
diaphragm opens the pilot valve, air is allowed to flow 
to the diaphragm motor valve K and the gauge L shows 
the amount of this pressure. A small amount of air is 
permitted to leak out through the adjustable bleeder M. 
When the pilot valve passes more air than the bleeder 
can discharge, the pressure increases at the diaphragm 
motor valve, and similarly when the pilot valve passes 
less air than the bleeder discharges, the pressure decreases 
at the diaphragm motor valve. When pilot valve passes 
the same amount of air as the bleeder discharges, the air 
pressure remains constant on the diaphragm motor valve. 
Since the opening of the diaphragm motor valve depends 

















NEW WORKS OF BRISTOL'S 


complete instruments, with minor exceptions, are of 
completely British manufacture, although many of the 
designs are of American origin. Throughout the visit 
we were impressed with the considerable care that is taken 
to ensure accuracy in the various instruments, and were 
informed that an accuracy of 1 per cent. of the maximum 
scale graduation isguaranteed formostofthem. With instru- 
ments of such accuracy, it is essential to have recording 
charts of corresponding accuracy, and a small printing 
plant has been laid down for their production by a special 
process which the company has developed. The new works 
have been equipped for the production of a wide range of 
instruments, including vacuum and pressure gauges, 
indicating and recording pressure controllers, both for 
electrical operation and of the air-operated type, recording 
and indicating thermometers, indicating and recording 
temperature controllers of both the electrical and air- 
operated types, process signal indicators, time cycle con- 
trollers, electrical and .mechanical operation recorders, 
wet and dry bulb humidity recorders, wet and dry bulb 
humidity indicating and recording controllers of both the 
electrical and air-operated types, and diaphragm motor 
valves for use with air-operated controllers. 

The factory is a new building of modern design, and 
incorporates the latest developments with regard to lay- 
out, lighting, heating, and general working conditions. 
The front part of the building comprises two floors, the 
lower containing the design department and printing 
room, and the upper the administrative offices. At the 
back, adjoining the ground floor, lies the extensive work- 
shop, which can be seen in our illustrations on page 658. 
There is also a large area of spare ground at the rear 
which can be used for any future extensions. The work- 
shop has been laid out to the best advantage, its arrange- 
ment having been based upon previous experience at the 
old works. As may be seen, all the machines have indi- 
vidual electric drive, and the fact that there is no call for 
heavy machine tools is an advantage where delicate 
adjustment and working are necessary. In a central 
enclosure all parts are inspected before assembly, and at 
the far end of the shop there are various benches where 
the calibration of instruments and filling is done. On the 
left-hand side of the shop is a small sealed room where 
temperature tests are carried out, and we were informed 
that every instrument is tested for at least five days 
before it is passed for service. 

As will be readily understood, in a works of this kind 
there is a large number of instruments in course of con- 
struction, and of the many, we have selected the com- 
pany’s free vane air-operated recorder controller as an 
interesting example of its products. For recording or 
indicating, this instrument, a drawing of which is given 
herewith, uses the actuating element A. This element is 
connected to and rotates the shaft B to which the record- 
ing pen arm and a thin metal vane C are attached. As 
the shaft rotates in response to changes in temperature, 
this vane passes between two nozzles DD, which are 
discharging opposing jets of air, and in so doing throttles 
the discharge of air. It is by means of this throttling 
that control is effected. Air at 15 lb. pressure is admitted 
at E and passes upward through a filter. Its pressure is 
shown on the gauge and a branch leading off to the left 
supplies air to orifice F and pilot valve G. The object of 
the orifice is to restrict the flow, so that only a limited 
amount of air can pass through to the diaphragm H and 
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upon the air pressure to which it is subjected, it follows 
that this opening is determined by the movement of the 
vane. 

The adjustable bleeder enables the controller to be 
adjusted to the sensitivity of the process. 

The two opposing nozzles are separated by a distance 
which is approximately one-fourth the diameter of the 
jets. This arrangement conserves air as the two jets 
discharge no more air than a single jet does. It also serves 
to balance the vane. The vane being thin and flexible 
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Auto-Delivery Elevator. 


Tue elevator illustrated in the accompanying engravings 
and made by 8.A.P., Ltd,, of 177, Fleet-street, London, 
should appeal to all engineers interested in mechanical 
contrivances. The object of the elevator is to raise bundles 
of printed copies from the press room of a printing house 
to the publishing room. Elevators at present in use 
for this purpose have a number of “ prongs ** mounted 
on the belt, and it is necessary for someone to ‘‘ stand by” 
to remove each bundle before it can pass over the upper 
pulley and be precipitated down again to the press room. 
By a very simple, but nevertheless ingenious, linkage 
the “Smith” auto-delivery elevator carries the bundle 

















AUTO-DELIVERY ELEVATOR 


across, above the top pulley and delivers it on to a 
short chain conveyor and thence to a bencn, where it 
can await the arrival of the attendant. The bundles are 
carried by a number of narrow flat plates. Each plate 
is pivoted on a short arm fixed to the belt and attached 
by a pin joint to a link, the other end of which is pinned 
to another arm fixed to the belt further back. By careful 
proportioning of the relative lengths of the links the flat 
plates can be caused to remain horizontal until the leading 
arms have actually passed over the top of the pulley. 
Several advantages are claimed for the arrangement, 
among which may be mentioned the fact that there is 
no obstruction above bench height in the publishing room 
and that no cams or springs are used. Clearly, if the 
elevator was arranged to deliver on to a horizontal belt, 
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AIR- OPERATED RECORDER CONTROLLER 


assumes a position midway between the two nozzles and 
substantially reduces the discharge of air without coming 
in actual contact with either nozzle, being literally 
“ floated ’ by the two jets of air. In this way all friction 
of the vane is eliminated and control is secured without 
placing any restraint on the recording mechanism. The 
vane can be readily rotated about the shaft and locked 
in any position desired. This simple adjustment is utilised 
to convert a direct-acting controller into a reverse-acting 
controller, or vice versa. 




















DELIVERY OF BUNDLE 


&c., the bundles could be automatically delivered to any 
desired point in the building. The company states that 
most existing elevators could be altered to this principle 
without much difficulty. The elevator is very quiet in 
action. While this elevator has been developed specially 
for the printing trade, we believe many applications 
for it could be found outside that trade, while the prin- 
ciple of the mechanism itself may prove adaptable to 
other purposes too. 








Electrically Driven Roll Grinding 
Machine. 


THE machine which we illustrate, by Craven Bros. 
(Manchester), Ltd., of Vauxhall Works, Reddish 
Stockport, is intended for grinding rolls from 4in. to 60in. 
in diameter and is provided with cambering gear. It is 
suitable for grinding new Trolls or regrinding used rolls to re- 
surface them, giving a fine polished finish. The roll 
rotating headstock is arranged with a separate motor 
drive through “‘ Tex-ropes”’ and a gear-box, the final 
drive being by special reduction gear to spindle. The 
saddle has a motor and gearing for its traverse along the 
bed and is also fitted with a motor-driven pump for 
circulating the water from the trough in the bed through a 
filter to the grinding wheel. 

The slide bed for the grinding saddle has slides of 
densened structure, the front slide being of the vee type, 
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while the rear slide is flat. An accurately cut rack, 
guarded by a steel plate over its full length, is arranged at 
the side of the vee slide for the saddle traverse. The front 
side of the bed is arranged with a rack for the cambering 
gear drive and the slot to take the reverse dogs. 

The saddle is arranged with worm gear and rack and 
pinion traverse, totally enclosed and driven through 
reversing gearing, and a change speed gear-box. The 
drive to this gear is direct from a motor mounted on the 
saddle, The end of the saddle is arranged as a platform for 
the operator. A motor-driven centrifugal pump unit is 


of different sizes to be dealt with whilst maintaining the 
furnace concentric with the pipe. Handles are provided 
for lifting the furnace, which is heavily insulated. Different 
diameter insulating refractories can be used to prevent the 
entry of cold air. The working temperature of 600— 
650 deg. Cent. is controlled by instruments in a portable 
steel plate case with lifting lugs. Holes in the furnace 
enable search couples to give on a recorder the actual 
temperature of the pipe throughout the normalising process. 
Care has been taken in the design of the furnace and in 
the housing of the instruments to ensure that they will 








1,500,000, but only a fraction has hitherto been utilised, 

The four rivers comprised in the present scheme are the 
Achelous, rising on the western slopes of the lofty Pindus 
Mountains, which, after traversing the district having the 
heaviest rainfall in Greece, flows into the Ionian Sea, a 


few miles west of Missolonghi. Two smaller rivers, the 
Phidaris and Morno, flow into the Gulf of Corinth, and the 
Aliakmon, which is the longest purely Greek river, rises 
to the north of the Pindus range, and after a course of 
200 miles flows into the Aegean Sea. 

Permission has been granted by the Hellenic Govern- 
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arranged on the saddle for the supply of the coolant, which 
passes through a filter also on the saddle. 

The grinding head consists of a transverse slide with coarse 
and fine hand adjustments for the grinding wheel feed, 
the slide having trunnions on which a massive grinding 
spindle is fitted. The spindle is of steel, hardened and 
ground, dynamically balanced and mounted in adjustable 
self-oiling bronze bearings. The spindle is driven by means 
of ** Tex-ropes *’ from a motor mounted at the rear of the 
grinding head. The speed of the grinding wheel can be 
changed to compensate for wear of the wheel, or for grind- 
ing different materials by varying the speed of the motor. 

Cambering is effected by means of a cam driven from 
a rack+and pinion, the rack being arranged on the bed 
and the pinion driving through a worm running in oil. 
The worm wheel drives the cam which actuates the grind- 
ing wheel slide through a roller and compound lever. In 
the compound lever an adjustable hardened die is placed, 
the adjustment of this die regulating the amount of 
camber. The worm shaft, cam shaft, fulcrum for levers, 
and cam rollers are of large diameter, fitted with ball 
races to eliminate all friction. The cam is accurately 
shaped to give a true curve on the roll face. The amount 
of camber can be regulated whilst the machine is working, 
and the change from camber to parallel grinding and vice 
versa made instantly. A change gear-box with four changes 
of speed is provided to obtain full cam movement for 
varying lengths of roll. Rolls with either convex or 
concave camber can be ground. 

The roll revolving headstock is of a motor-driven totally 
enclosed type. The motor is mounted on the headstock 
and drives by means of ** Tex-ropes ” to the change speed 
gearing inside the headstock. The final drive is by means 
of reduction gear arranged inside the headstock. The 
headstock is fitted with a rotating spindle mounted in 
capped bearings, the driving head of the spindle having a 
flange to which a floating two-jaw chuck is fitted and 
has transverse adjustment to suit varying diameters of 
rolls, and the cross bed is adjustable along the base- 
plate. A centre is arranged in the spindle for use when 
grinding the journals. 

The following are the leading dimensions of the machine : 

Diameter of grinding wheel (wheels 26in. 

by 3in. can be accommodated) 

Diameter which can be ground 

Maximum length admitted 

Traverse of grinding head 

Length of bed ab 

Motor for grinding wheel... 

Motor for revolving rolls 

Motor for traversing saddle 

Two pump units oe Ne reer 

Approximate net weight, not including 

electrical equipment ; 


24in. by 2jin. 
4in. to 60in. 
1S8ft. 

16ft. 

28ft. Gin. 
750/1050 r.p.m. 
1200 r.p.m. 
1500 r.p.m. 
B.T.H. No, 2 


size 


33 tons 








A New Electric Furnace. 


THE normalising of welded pipe joints has always pre- 
sented considerable difficulty, especially pipes welded in 
their ultimate positions. A furnace introduced by 
Metalectric Furnaces, Ltd., of Cornwall-road, Smethwick, 
Birmingham, overcomes this difficulty and is easily trans- 
ported from place to place. As the accompanying illus- 
tration shows, it is of circular form with the upper and 
lower portions capable of being locked together so that 
the hearths of the furnace can be clamped round joints 


ROLL GRINDING MACHINE 


withstand the rough handling to which they are likely to 
be subjected in transference from place to place. 
The furnace opens up a new phase in electric heat treat- 
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FURNACE FOR NORMALISING WELDED PIPE JOINTS 
ment work and the makers have under consideration the 
design of other portable furnaces for use in various 
industries. 








Hydraulic Power in Greece. 
(Contributed.) 

Deralts regarding an ambitious scheme for exploiting 
the water power of Greekrivers have recently been published 
in the Government Gazette, and in view of the fact that the 
utilisation of this hitherto undeveloped source of cheap 
power is destined to prove of vital importance to Greek 
industries which are dependent upon imported coal and 
oil fuels, a brief survey of the available water power may 
prove of general interest. 

Although several of the largest rivers, such as the 
Vardar, Struma, and Nestos, which traverse Macedonia 
and Thrace on their course to the Aegean Sea, have their 
sources north of the Greek frontiers in Servia and Bulgaria, 
this will not in any way prevent the utilisation of their 
considerable water power for agricultural and industrial 
purposes. This important volume of hydraulic power in 
Macedonia and Thrace has no connection with the exist- 
ing scheme, which is limited to the survey and exploita- 
tion of four rivers having their sources entirely within 
Greek territory, of which three flow through Western 
Greece into the Ionian Sea, and the fourth, which drains 
Western Macedonia, flows around the base of Mount 
Olympus into the Aegean Sea, about 10 miles south-west 
of Salonica. 

As the result of previous surveys by Swiss and Greek 
engineers, it is estimated that the water horse-power 


ment to the representatives of Hugh Cooper and Co., Inc., 
and the Chemical Construction Corporation, of New York, 
to carry out surveys for hydro-electric installations for 
developing the hydraulic power of the four rivers enume- 
rated and their tributaries from their sources to the sea. 
The ultimate objective is stated to be the exploitation of 
the hydro-electric power generated, to drive machinery 
erected for manufacturing electro-metallic and electro- 
chemical products, and the contractors are obliged to 
begin surveying and to submit their plans to the Ministry 
of Economy by May Ist, 1937. This period may be pro- 
longed until March Ist, 1938, by decision of the Ministry 
of Economy, if considered necessary, subject to a justified 
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application by the contractors, who also undertake by 
December Ist, 1937, to submit a detailed report indicating 
the falls and localities under survey on both banks of the 
respective rivers included in this concession. 

All surveys, topographical maps, and diagrams showing 
maximum and minimum power developed will become 
the absolute property of the Government without any 
claims for payment of expenses incurred, and the 
contractors are obliged to deposit a bank guarantee 
of Drs. 300,000 within one month from the date of signature 








to be heat treated. Loose split distance rings enable pipes 


obtainable from Greek rivers and waterfalls is over 





of the concession, as a guarantee for its proper execution. 
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The Micro-Gap Switch. 


in a paper by Professor W. M. Thornton, read before | 
the Institution of Electrical Engineers on Thursday, | 
December 17th, an A.C. switch capable of breaking non- 
inductive circuits with an extremely small separation of 
the sparking contacts is described. On a 250-volt circuit 
the separation is in the neighbourhood of five-thousandths 
of an inch. It is shown that the current is interrupted 
not by stretching the are at the break, but by the mutual 
repulsion of electrons that leave the contacts and enter 
the gap. The switch is most suitable for the thermo- 
static control of electric heating systems. Oscillograms 
indicate that when the contacts in those switches begin 
to open at any point in a half wave, the current breaks 
at the next zero point and does aot restrike. If broken 
at zero it persists for the next half wave. 

The perfect switch for a normal A.C. circuit is that which, 
when it opens the circuit at any point in the half-cycle, 
prevents the restoration of the are after the current has 
fallen to zero. The restriking of the are depends on two 
things, the voltage across the gap and the conducting state 
of the medium in it. In large power circuits the former 
depends greatly on the frequency and amplitude of the 
oscillations set up across the break. In non-inductive 
circuits these are negligible, and the only field across the 
gap is that of the circuit voltage. Whether this is suffi- 
cient to cause the are to re-form depends on the length 
and conductivity of the gap; that is, on the state of | 
ionisation of the air or oil vapour or of carbonisation of 
the oul itself. The ionisation of an air switch gap is caused 
by the mjection into it of electrons from heated contacts, 
and by collision of these with molecules under a high 
voltage gradient. The emission of electrons at low 
gradients is solely thermal in origin; it depends only 
on the temperature of the contacts. If a break greater 
than the free sparking distance were formed instantly in 
a non-inductive current-carrying circuit, there would be 
no are, for the contacts would not have time to get hot, 
no electrons would be emitted, and the are or break spark 
could not form. There have been many devices to keep 
the contacts cool at break. These have been mostly con- 
cerned with large power circuits, but for relatively small 
powers and circuits that are, in effect, non-inductive, a 
form of switch is available that is, according to the above 
definition, perfect in action. 

The thermostatic control of the temperature of elec- 


trically heated water has been made much easier by the | 


invention of the micro-gap switch. Satchwell’s arrange- 

ment marked a new departure in the automatic control of 
low or medium-voltage alternating-current circuits, in 

particular when they are as nearly as possible non- 

inductive. The circuits to be broken are in most cases 

those of the heaters controlling the hot water or air supply 

for buildings, in which the temperature has to be kept 

constant within a few degrees. To do this the switch is 

operated by a bimetallic device, which consists, in the 

hot-water thermostat, of a non-expanding rod contained 

within an expanding sleeve. The difference in the lengths 

is extremely small, about 0-0001 lin. for a 12in. length per 

degree Fahrenheit. The switch tongue on which the 

expanding element presses is held by a small permanent 

magnet until the force upon it overcomes the magnetic 

pull, and the gap opens suddenly. The length of gap is 

adjusted by a back stop so spaced that the current, after 

passing through zero, cannot restrike. The contacts are 

flat, jin. to Zin. diameter, and are made of silver, not only 

because of its high thermal and electrical conductivity, 

but beeause the oxide of silver, if it should be formed by 

the arc, is electrically a good conductor. On a 250-volt 

cireuit the opening of the gap is about 0-005in. When | 
the contacts separate the current may have any value | 
from zero to the maximum. Oscillograph records of the | 
current at break show that, at whatever point in the cycle 

the contacts open, the current stops at the next zero point. 

This is sufficient evidence of the perfect action of the 

micro-gap switch. 

Any air gap, however small and highly ionised, has a 
resistance greater than that of the metal of the contacts. 
Since these are not perfectly smooth, the final separation 
is at one or more points on the surface. There is a local 
concentration of current, the density rises, and the metal 
heats to a temperature depending on the total current 
broken. From these hot points electrons can leave the 
metal, and enter the gap, but they do so gently. Their 
motion within and just outside the metal is according to 
the Maxwellian law of distribution of energy of particles 
in collision. This is the first stage in any break of circuit. 
Once the electrons are free in the gap they are acted on | 
by the field across it and accelerated. The kinetic energy 
they then acquire is proportional to the product of the 
field and the gap length. By keeping the latter very 
small, the energy of the electrons in line with the field 
is diminished, and since the pitting of the contacts is due 
to the energy of bombardment by the current stream, it 
also is greatly lessened. 

If there were no voltage gradient in the gap, any 
electrons in it would repel one another and be expelled 
sideways as if there were a miniature explosion. This 
can, in fact, be seen to occur. It is the special and charac- 
teristic feature of micro-gap breaks that the current 
is always broken only by a lateral spread of the arc 
through mutual repulsion of its elements, not by stretching 


| who took the oscillograms. 








the arc. 

When there is no back stop and the arc lengthens, as 
far as the voltage of the circuit can maintain it, other 
physical actions come into play. The lateral spread may 
be checked by the attraction of the current elements 
forming the arc, and the current itself is reduced by the | 
influence of its increasing resistance in the circuit. The | 
are that breaks is pear-shaped, with the blunt end at the 
cathode. The attraction between electrons moving in 
the same direction only balances their mutual electro- 
static repulsion when their velocity is equal to that of 
light, so that the pear-shaped long are depends more on 
attenuation than on “ pinch” effect. 

The electric strength of air between parallel surfaces 
is such that an A.C. voltage of 250 r.m.s., or 350 maximum, 
will not break down a gap of 0- 005in. For a 500-volt 
circuit 0-Olin. is required. These define the gap lengths 
that may be used. Even with the latter relatively large 
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gap a circuit carrying 100 kW has been interrupted 
without the are restriking or the contacts pitting. How 
far it may be possible to apply the lateral repulsion action 

to high-voltage circuits remains to be seen. | 

The advantage of this type of switch would appear to | 
be confined to low-voltage non-inductive A.C. circuits, 
and where, as in the case of thermostats, the operating 
movement is small. 

The oscillograms reproduced show the relations of 
current and voltage in the gap in three typical cases— 
(a) when the circuit opens as the current passes through 
zero, but does not break until the next zero; (b) when 
the circuit opens at 45 deg. before zero, the current 
breaking at zero ; (c) the circuit opening when the current 
is a maximum, the current breaking at zero. The voltage 
in each case was 250 volts, and the current 15 amperes. 
The time scale is in each case from left to right. The 
arrow indicates the point where the switch opens. 

In (a) the small voltage across the gap is nearly uniform 
during the half-period, rising slightly, and reversing to a 
full maximum, when the current stops. The change from 
the current curve to the voltage curve is shown only by 
the increase of amplitude after the break. In (6) the 
voltage begins to rise at the moment the circuit opens, 
about half-way between the maximum and zero, but 
reverses as the current reaches zero. In (c) the point where 
the rise of voltage begins is mid-way between the zero 
points, 7.e., at the maximum value of the current. 

These oscillograms show that the best place to break 
a non-inductive circuit is not at zero current, but in the 
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quarter-period before a zero point. There must be some 
electrons in the gap to repel one another and to break the 
circuit. 

It is possible to break nearly non-inductive currents, 
such as those in radiators, without a destructive arc, even 
when the motion is slow, as by withdrawing a plug from 
a socket; but when a parallel gap is set to non-striking 
distances, though not lengthened indefinitely, the breaking 
action is by a lateral repulsion of the electrons in it, and 
not by stretching the arc. 

An interesting point was observed by Mr. R. Bruce, 
In most cases the gap began 
to open at the moment the current reached a maximum 
value, always of the same polarity. This suggested that 





there might be, in addition to the thermal expansion, an 
electromagnetic action causing the gap to open. Mr. 
Bruce found, then, that the switch when delicately set 
would operate with large currents without any expansion 
of the thermostat elements. On inquiry it was found that 
this effect had been observed before, though not explained. 


It is clearly due to a resultant weakening of the magnetic | 


hold of the permanent magnet on the soft iron armature. 
The magnetic field of the current flowing through the 
contacts over the permanent magnet to the terminals 
deflects the field away from the poles and weakens the 
resultant pull. A switch of this type therefore breaks 
automatically on overload and is an additional safety 
device in the circuit. 








An informative circular issued by the United States 


| Bureau of Mines reports on a survey of the use of detach- 


able bits for rock drills in ten metal mines. It gives com- 
parative costs of drilling with ordinary and detachable 
bits, describes the reconditioning of the drill steel, and 
gives data on rock drilling. In general, for the group of 
mines under discussion the use of detachable bits reduced 
the cost per foot of hole drilled. The outstanding saving 
made was in the cost of transporting the steel. At only 
one mine was the cost of drilling with detachable bits 
higher than that with regular drill steel. At seven mines 
the drilling speed of detachable bits was faster. 














The Smoke of Cities.* 


{. Mech, EF. 
AIR. 


THE investigation into atmospheric pollution with 
which the author is connectedt has been carried on con- 
tinuously since its inception, following a proposal by 
the author, in 1912. In its earlier stages it was controlled 
by a small voluntary committee of enthusiasts, but is 
now under the control of the Department of Scientific 
and Industrial Research. The methods and apparatus 
used are the care of a special research committee, while 
the actual observations in different parts of the country 
are carried out by the local authorities. The general 
principle on which the work is organised is that the 
observations are made locally by the authorities concerned 
and at their expense, while the results are returned to 
London on special forms where they are collected and 
examined. 

Deposit Gauge.—One of the most useful apparatuses 
used for estimating pollution is known as the deposit 
gauge. This is simply a glass vessel with a hole in the 
bottom, which allows the matter deposited in the vessel 
to run out into a bottle placed below. With certain 
precautions as to exposure, dimensions, and general 
arrangement of the gauge, this method has been found to 
give very satisfactory results, and a large number of 
figures are now available for comparison. The advantage 
of a method such as this is that it enables the condition 
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of atmospheric pollution in one city to be compared with 
that in another, and also makes it possible to ascertain 
in a particular city what degree of success is attending 
local efforts to reduce smoke. There were during the 
last year 115 gauges at different places throughout the 
country, and there are now 131 gauges in 51 cities or 
places. The deposits are collected once a month, analysed, 
and returns made to London on standard forms. The 
deposit is divided primarily into soluble and insoluble 
matter, and these two are again subdivided ; in the case 
of insoluble matter into tar, carbonaceous matter other 
than tar and ash, and, in the case of soluble matter, into 
loss on ignition and ash. The amounts of sulphates, 
chlorine, and ammonia in the soluble matter are also 
estimated. The deposit in each gauge is reduced to a 
figure expressed in tons per square mile, based upon the 
weight of deposit caught, and the tg of the gauge. 
which has a diameter of 30 cm. Table I illustrates the 
nature of such deposits for a few typical stations, the 
figures being mean monthly deposits for the year, in tons 
per square mile. 

Measuring Suspended Impurity.—Although the method 
described above of estimating the pollution of the air 
by the amount of deposit upon a given area has proved 
very useful, and although, owing to its simplicity and 
low cost it has been widely adopted, it was realised that 
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it did not deal with the extremely finely divided suspended 
matter, which is sometimes termed an aero sol or 
suspensoid. Some method of estimating the amount of 
particulate matter dispersed through the air was obviously 
required, and two entirely different types of apparatus 
were adopted. 

Automatic Filter.-It was found that for the smoke 
pollution of city air, a measure of the concentration could 
be obtained by filtering the air through white filter paper. 
A special thick paper was used, and in this way all the 
black colouring matter could be removed. A standard 
volume of 2 litres was adopted, and a diameter of filter 
dise of fin. These are arbitrary figures, but they have 
proved very suitable. There are two instruments of the 
filter type, one in which a volume of 2 litres can be filtered 





* The Institution of Mechanical Engineers, December llth 
— Abstract. 
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through paper by simply allowing water to run out of 
one bottle into another, drawing the air through the paper 
in the process. This requires personal attention and 
takes about ten minutes for one record. The instrument 
now more generally used is known as the “ automatic 
filter,” and is a mechanical device for performing auto- 
matically the same function as described above. The 
apparatus places records of the sooty impurity round the 
edge of a paper disc, marked with twenty-four hours 
after the style of a clock face. The darkness of the 
mark is found to be a reasonably accurate measure of the 
concentration of scot in the air. The curves in Figs. 1 
and 2 were obtained with this instrument. 

Dust Counters.—Only a brief reference need be made 


the London County Hall and amounted to 5-05 milli- 
grammes. The next highest was at Charles-street, leading 
from the Strand, with 4-06 milligrammes ; whilst Wade- 
street, Halifax, gave 3-91 milligrammes. These figures 
are monthly averages for the whole year; they are 
exceeded during certain months. 


VENTILATION. 


For many years it has been taught that the supply of air 
required for buildings, to make them habitable and 
healthy, could be ascertained with sufficient accuracy by 
estimating the concentration of carbon dioxide in the air. 
There appears to be an idea that because an estimate of 
CO, in the air gives information enabling the rate of change 
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here to the method of estimating dust by counting. 

It is not generally used in the investigation except in 

special cases, but it will be realised that the sort of informa- 

tion given is entirely independent of the colouring of the 
suspended impurity. It is found that in London the dust 
counts obtained with the author’s apparatus vary from 
about 2000-3000 to about 100,000 particles per cubic 
centimetre. The dust particles can be examined micro- 

scopically ; indeed, the count has to be made under a 
high power, and thus the examination and measurement 
are part of the process. The dust particles in London 
air, .¢., the particles which form the familiar smoke haze, 
are nearly ‘all under 1 micron in diameter.{ During 
a thick smoke fog, there is a tendency for the size to 
increase slightly, and under these conditions particles 
between 1 and 2 microns in diameter can be found. 

Sulphur Pollution: Sulphur Dioxide Concentration.— 
The method adopted for estimating the concentration of 
sulphur dioxide (SO,) consists in the determination of the 
amount present in the air by absorption and fixation as 
sulphuric acid in an aqueous solution of unstabilised 
hydrogen peroxide. The air is drawn through the 
absorbent solution contained in a reaction tube of glass 
about ljin. in diameter and 10in. long. The air passes 
from this through a conical flask of about 250 cubic centi- 
metres capacity as a trap and thence to a gas meter 
regigtering the volume. The air is drawn through at a rate 
of about 50 to 100 cubic feet in twenty-four hours. At 
the end of each period three or four drops of an indicator 
are added to the reaction tube and to a similar tube con- 
taining the same solution, but through which no air has 
been passed. The liquid in the reaction tube is titrated 
with N/250 alkali until it is of the same shade as that in 
the tube used for comparison. An indicator is used which 
is not affected by the carbonic acid found in the air, and 
from the titration the volume of SO, per million parts of 
air can be easily calculated. The aspiration of the air 
through the apparatus is effected either by means of a 
water pump or an electrically operated pump. It will be 
seen that this is a rather elaborate apparatus, requiring 
the attention of a skilled chemist. 

The sulphur gases emitted from the sulphur in coal 
which is being burnt are normally present in the air of 
London to the extent of 0-1-0-2 parts of SO, per million 
by volume. This sulphur is mainly a winter product, 
doubtless owing to the increased amount of fuel burnt in 
the winter. During last year eleven stations made daily 
observations of the sulphur pollution, and the highest 
yearly average of all was found at Westminster Bridge, 
London; it amounted to 0-154 part per million. The 
next highest figure was 0-139 at Westminster City Hall, 
and in Sheffield. In December last year the concentration 
rose to an average of 0-727 at Chelsea, 0-586 at West- 
minster Bridge, 0-730 at Salford, Regent-road, and 0-527 
at Sheffield, Surrey-street. These figures represent the 
average over twenty-four hours, which was doubtless 
considerably exceeded during individual hours. It may 
be stated that 1 grain of sulphur per cubic foot represents 
1610 parts of SO, per million by volume. 

_ Active Sulphur.—A method, adopted for this investiga- 
tion, of measuring the “ activity ” of sulphur acids in the 
air is the exposure of small porcelain cylinders coated 
with a paste of lead peroxide. The lead peroxide is 
partially converted to lead sulphate by the sulphur in 
the air, but the amount of such sulphating is not a function 
of the concentration alone ; it involves other factors, such 
as wind velocity. Thus the method provides a measure 
of the activity of attack of sulphur gases upon building 
materials. The standard apparatus consists of a porcelain 
cylinder 12-5cm. long, the diameter over a recessed 
central part which is coated with the paste being 3-12 cm. 
The total area of the coated part is about 100 square 
centimetres. The cylinder is carried on a small brass 
holder and supported upon a wooden stand with a small 
sheltering roof overhead. The whole apparatus is exposed 
in the open air for one month, after which the cylinder is 
removed and placed in an air-tight receiver until it has 
been analysed for the sulphate content. There are forty- 
four such cylinders now exposed in twenty-four different 
places in this country. 

The active sulphur is entered on the returns as “ milli- 
grammes per 100 square centimetre per day,” and this 
quantity varies from about 0-2 milligrammes for a country 
station to 4-5 milligrammes for a city. During last year 
the highest sulphur figure obtained at any station was at 
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of the air to be approximately calculated, enough is then 
known to say how much air should be admitted. There 
never has been a rational basis for this assumption, which, 
in fact, postulates that we know the amount of air required 
for health. It has been gradually recognised of recent 
years that the impurities in the air which are injurious to 
health have no relationship to CO,, but are, in the vast 
majority of cases, the suspended particulate matters. 
Diseases which are capable uf being transmitted from one 
person to another are so transmitted by particulate 
matter. The most outstanding case of this kind is that of 
pulmonary tuberculosis, by the inhaling of dust containing 
tubercle bacilli or their spores. 

It is contended here that the whole outlook on ventila- 
tion has been unsound, and that instead of concentrating 
attention upon the amount of a harmless gas such as CO, 
in the air, it should be devoted to the concentration of 
particulate matter, and especially to pathogenic bacteria. 
Looked at from this point of view, the standard of ventila- 








Fic. 3—The New Instrument for the Measurement of Coal Smoke. 


tion should be one which keeps the concentration of 
dangerous suspended matter below a harmful point or at 
least as low as can be conveniently arranged. It is true 
that this is a somewhat vague standard to fix, because the 
danger point for one person may be different from that for 
another, and, indeed, for the same person it may differ 
at different times, depending upon the capacity to resist 
infection. 

It is useless to say that a great many air-conditioning 
devices are now in operation to purify the air. There is 
in this idea a great danger of living in a fool’s paradise. 
The purification by such air-conditioning appliances is 
almost invariably stated as a removal of a certain per- 
centage by weight of the dust present. This is all to the 
good, but the really dangerous dust is probably not 
removed at all, being so finely divided that it passes the 
filters. It is excessively difficult to remove dust from the 
air when it is of the order of 1 or 2 microns in diameter ; 





$¢ 1 micron=0-001 mm. 





it does not settle, even in still air, with sufficient velocity 


to permit such a method to be used, whilst if filters 
capable of removing such dust were insisted upon, the 
back pressure would be so great and the cost of driving 
the air through the filters so high that the method would 


be opposed at once as uneconomical. So-called filters, 
in which air is forced to impinge upon oiled baffles of 
one form or another, remove some of the dust, but mainly 
the coarse particles. Such filters do not, however, clear 
the air of the finely divided matter. 

The author’s view is that the method of ventilation 
adopted by Nature outside of buildings is the most effective 
one—that is, the wind. Not all the impurities can be 
filtered, but the air can be diluted with fresh air from 
outside, although the word “ fresh ”’ is often a misnomer 
for air in big cities. This seems to be the only course left. 
In cities there is the problem of keeping out dust and 
noise, two very important points, and there are many 
places where windows are kept tightly closed on account 
of the necessity for a reasonable absence of noise. The 
idea, however, that sooty dust can be kept out by closing 
windows is not correct. This suspended sooty dust is 
so finely divided that it penetrates through any opening 
through which the air can pass. The only way to 
prevent the pollution of the air in houses by sooty 
matter from outside is to prevent the pollution of the 
outside air by smoke. 


THe Cost oF SMOKE. 


One of the fundamental reasons why we suffer so much 
from smoke pollution is that the loss to the producer is 
not very great. The waste incurred in boiler furnaces 
due to the emission of smoke is very slight, and, in fact, 
a greater loss may result from attempting to eliminate 
it completely by admitting excess air. The amount of 
smoke emitted by the worst offenders among industrial 
furnaces probably does not exceed } per cent. of the 
weight of the fuel burnt. The case of the domestic fire 
is, however, different, as here the average loss amounts 
to about 5 per cent. of the fuel burnt. In neither of these 
cases is the saving gained by preventing smoke sufficient 
to encourage much effort, and in particular it would not 
directly repay costly changes in installations. It is 
useless, therefore, to approach the smoke-prevention 
problem from this point of view. There is some loss to the 
smoke maker, but it is the smoke consumers—that is, 
the general public who have to live in the smoke-laden 
atmosphere—who really suffer the heaviest loss. An 
attempt to estimate the cost of smoke was made in 1912 
at Pittsburg, and it was then calculated that the cost per 
head of the inhabitants amounted to 20 dollars per annum. 
In 1918 another attempt was made in Manchester, in 
which the Manchester Air Pollution Advisory Board 
based its estimation on the same methods, and this 
resulted in a figure of over £1 per head of the population. 
The average deposit of impurity from the air in these two 
towns was 360 tons per square mile per annum in Man- 











Fic. 4—Method of Matching Smoke. 


chester during 1917-18, and 1031 tons per square mile 
per annum in Pittsburg during the period of the 
investigation. 


Coat COMBUSTION. 


Broadly speaking, the general aspects of coal combustion, 
as they bear upon the problem under consideration, may 
be considered under two headings—industrial furnaces, 
and domestic fires. 

Industrial Furnaces.—There is little to be said about 
the design of industrial boiler furnaces, since the prin- 
ciples are fully understood, and it is now possible to burn 
bituminous coal in a boiler furnace with the production 
of very little smoke. 

Domestic Fires.—Here the position is entirely different 
from industrial furnaces. The combustion of bituminous 
coal in open domestic fires is carried out under hopeless 
conditions. There is no hot combustion chamber in 
which the volatile products from the top of the fire can 
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be burnt, and there is, and must always be, a large excess 
of cold air to carry off the products of combustion and 
to ventilate the room, and this adversely affects the 
burning of the volatile matter. There is no known 
method of burning bituminous coal in open domestic 
fires without producing smoke. The amount of coal 
burnt in domestic fires is about 40 million tons per annum, 
of which about 17 million tons are burnt in London. This 
coal, owing to imperfect combustion conditions, gives 
off approximately 5 per cent. of its weight in the form of 
smoke, and the smoke so produced is of a particularly 
unpleasant kind. It contains a large proportion—up to 
30-40 per cent.— of tar, which makes the soot stick and 
acts as a harmful irritant in the eyes and air passages, 
more especially when the smoke collects in the streets 
during periods of smoke fog. Again, most of the sulphur 
of the coal passes out through the flue to form sulphur 
acids in the air, and these again act as irritants, as well 
as attacking buildings and steelwork. It is estimated 
that in London the smoke from domestic fires is about 2} 
times as great as that from industrial furnaces. 

It is probably in this connection that the greatest 
improvement in smoke prevention remains to be made, 
and there is no great likelihood of improvement in sight 
at present, nor has there been any real hope of such 
except by the use of methods of heating which do not 
involve the burning of raw bituminous coal in domestic 
fires. 


TRAPPING OF FLUE Dust. 


In this connection reference may be made to the 
Report of the Electricity Commissioners, in which one 
of their conclusions is that “ dust-extraction plants 
should be designed to extract all dust particles exceeding 
20 microns. They should also extract a proportion of the 
dust below 20 microns.” This appears to the author to 
be an unsound conclusion, as it is based presumably upon 
the assumption that particles below 20 microns are harm- 
less, or that they are not deposited sufficiently near the 
plant to become a source of nuisance. The dust which 
does not deposit rapidly is that which people are forced 
to breathe, and which enters houses and covers every- 
thing with a layer of fine deposited matter. This is the 
sort of dust that is familiar on papers, desks, and tables 
in offices in cities. It is suggested, therefore, that the 
importance of the dust trap should not be limited to the 
particles above 20 microns, but should deal equally 
efficiently with those below that diameter. 

There are three general methods available for trapping 
dust emitted from coal-fired furnaces and preventing 
its discharge from the chimney. These are (1) cyclones, 
(2) wet baffles or baffles and sprays, and (3) electrostatic 
precipitation. 

(1) Cyclones.—The efficiency of the cyclone dust trap 
depends principally upon the particle size. Claims made 
for percentage efficiency of dust traps are nearly always 
based upon the weight of dust per unit volume before 
and after passing the trap. This basis is very useful, 
but has limitations governed by the particle size; thus, 
the efficiency based upon weight alone might be very 
high owing to the trapping of all the large particles, whilst 
all the smaller particles might be allowed to escape. 
As already mentioned, the particles which compose a 
London smoke fog rarely exceed 1 micron in diameter, 
and for the trapping of such particles a cyclone is prac- 
tically useless. Cyclones have the advantage that they 
collect the dust dry and do not ‘cool the flue gases 
very much. For example, from a boiler furnace they 
might be emitted after passing the cyclone at 250 deg. Fah. 

(2) Wet Baffies—These may be kept wet by any con- 
venient means, provided that the whole surface exposed to 
the gas is wet. Such traps can be made to give a high 
efficiency, but a balance must be achieved between the 
resistance permissible, dependent upon the number of 
rows of baffles through which the gases are forced, and the 
desire for efficiency. About 80 per cent. by weight of the 
dust can be trapped by passing through four or five 
suitably arranged sets of wet baffles. Objections to the 
method are that it requires a considerable supply of water, 
collects a sludge instead of dry dust, and cools the flue 
gases, which are emitted at a temperature not much above 
100 deg. Fah. 

(3) Electrostatic Precipitation—This method is in some 
respects the most satisfactory; it possesses a high effi- 
ciency and traps fine particles as well as coarse. The 
efficiency of trapping depends upon the installation, but 
can easily exceed 90 per cent. It has the advantage of 
catching the dust in the dry form and does not cool the 
flue gases. 


THE MEASUREMENT OF SMOKE EMISSION FROM CHIMNEYS. 


There are two main purposes in measuring smoke 
emission from chimneys ; first, to provide information for 
the boiler-house staff, who are responsible for the economic 
wofking of the plant; and second, to enable smoke 
inspectors to obtain a measure of the amount of smoke 
from a chimney.. This is an artificial division, but in 
practice a very real one, since the method which might be 
utilised in the boiler-house might be of no use to a smoke 
inspector. There are, for example, methods available by 
which a record of the density or opacity of the smoke 
passing up a chimney are obtained by means of a photo- 
electric cell upon which impinges a beam of light which has 
passed across the chimney. The degree of obstruction of 
this beam is indicated by the cell through a galvanometer 
or recorded on a chart. This is a very useful arrangement 
and, when the apparatus is in good working condition, 
gives valuable information. It enables the boiler-house 
attendants to ascertain the condition at any moment 
regarding smoke emission. Again, arrangements of 
mirrors are sometimes used, which permit a view of the 
top of the chimney to be obtained from the boiler-house. 

There are in addition methods available for measuring 
the concentration in weight per unit volume, but these 
involve complicated apparatus by which a measured 
volume of flue gases is drawn through a suitable filter, the 
weight of the material trapped on the filter in relation to 
the volume drawn through giving the information required. 
There are in this method a number of serious difficulties. 
For example, it is not easy to be sure that the sample is 
representative of the concentration in the flue gases ; for 
one reason, the flow of gases in a chimney is not uniform 
across the section, but has perhaps twice the velocity at 
the centre as at the sides. There is thus a velocity gradient 





from the centre to the sides and a probable tendency for 
particles to slide down this gradient towards the sides of 
the chimney. Again, when the flue gases are drawn into 
the filtering apparatus, great care must be taken that the 
opening for entry should face the flow. of gases and have a 
sharp edge to prevent disturbance. It is still more 
important that the velocity of flow into the opening should 
be the same as that of the gases past it, otherwise either 
too much or too little dust will be received by the opening 
and passed on to the filter. Further, unless care is taken 
to avoid condensation of water, the apparatus is liable to 
collect sludge and not dry dust. The quantities to be 
weighed are small and would not usually exceed 3 grains 
per cubic foot. Thus even small errors are liable to 
invalidate the whole measurement. 

Methods of estimation based on observation of the 
smoke issuing from the top of a chimney are the only 
forms available for the use of smoke inspectors. These 
practically all consist of measuring the darkness of the 
smoke column compared with some scale, and a number 
of different scales have been evolved, all dependent on the 
same fundamental principle. Perhaps the widest known 
are the Ringlemann cards made of black lines crossing 
each other on a white paper background. These cards 
must be held about 50ft. away, and an attempt to match 
the smoke with the card is then made. The obvious diffi- 
culty is that the background of the smoke may vary from 
blue sky to black or white cloud, whilst the card back- 
ground remains constant. This can, however, be overcome 
by using screens of neutral-tinted glass and matching the 
smoke to a screen held so that the background of the 
smoke is viewed through it. It is not easy to obtain 
screens of suitable colour or capable of being reproduced 
with certainty. 

One of the difficulties facing any attempt at smoke 
measurement from chimneys is the fact that the matter 
emitted varies greatly, according to the nature of the 
industry. For example, smoke from a destructor chimney 
or a cement works is usually grey ; blast-furnace fumes 
are nearly white. Again, a boiler furnace may emit large 
quantities of ash, which never looks black. The colour or 
appearance of a smoke column also depends on the light- 
ing; the author has seen a chimney emitting a column of 
white smoke which, viewed from another angle, looked 
black, this being entirely due to the lighting effect. 

There remains, therefore, a serious problem in dealing 
with the amount of black sooty matter formed as a result 
of the imperfect combustion of bituminous coal. It is 
believed that if this type of smoke could be adequately 
dealt with by some method of measurement a long step 
would be made towards the solution of the smoke problem. 
This statement does not minimise the evils of other 
emissions such as grit, ash, and the like, but suggests that 
the smoke of bituminous coal is a sufficient problem to be 
dealt with alone. It should be realised that the smoke 
fogs of cities are not formed by grits, but by the very fine 
sooty particles. These considerations induced the author 
to attempt the design of an instrument for the measure- 
ment of ordinary coal smoke. 

The Requirements of an Instrument for the Examination 
of Smoke Trails.—The only characteristic of smoke which 
can be measured from the outside is some visual one, such 
as its opacity or optical density, and hence nearly all 
attempts to solve the problem have been made on these 
lines. 

Any method for measuring smoke should aim at fulfilling 
the following conditions :— 

(1) Accuracy Required.—Accuracy of measurement, 
though desirable, should not be sacrificed to other 
qualities, such as simplicity in operation and use. 

(2) The Method Must Not be Too Conspicuous.—It 
would not be advisable to’adopt a method which would 
advertise itself too prominently to the owner or user of 
the chimney, as if it became known that a smoke inspector 
was taking observations, some action might be taken to 
admit large quantities of air into the chimney and so 
dilute the smoke. 

(3) Simplicity and Portability.—Since the instrument or 
method would be for use by smoke inspectors who are not 
always highly trained technical men, simplicity in use 
and reliability are essential. If anything goes wrong with 
the instrument it should be within the power of the 
inspector to put it right, if not too serious. Lightness and 
portability are also obvious essentials. 

(4) Simplicity in Prineiple—The principle of operation 
should be easily understood so as to give confidence in 
its operation. This is of great importance in the law 
courts when any dispute arises. 

(5) Correction for Chimney Diameter and Coal Con- 
sumption.—This is perhaps a condition which depends 
more upon the use of the results when obtained than on 
the method of obtaining them, but it is evident that, for 
comparison with some fixed standard of smoke emission, 
both the chimney diameter, i.e., the thickness of the 
column of smoke through which the inspector looks, 
and the rate of coal consumption should be taken into 
account. 

(6) Correction for Reflected Light.—Error may enter 
the observations owing to light reflected from the smoke 
on the observer’s side, and the method of observation 
should either automatically correct for this, or allow 
such correction to be made. 

(7) Correction for Haze.—It should be possible to 
eliminate or to correct for the effect of haze between the 
observer and the smoke. 

(8) Variable Background.—It is important that varia- 
tion in the background of the smoke should not introduce 
an error into the observation. Probably the simplest 
method of dealing with this is to use the same background 
for the instrument measuring the opacity. 

(9) Personal Factor—The method used should not be 
too sensitive to the personal factor—that is, it should 
give reasonably similar results when used by different 


people. 
Tue New INSTRUMENT. 


A method will now be described which seems to promise 
a reasonable fulfilment of the necessary conditions, within 
certain limitations. 

Limitations.—It must be clearly understood that the 
instrument is intended for use with coal smoke or any 
smoke containing black sooty particles. Other kinds of 
smoke form a comparatively small proportion of the total. 

The Instrument.—Briefly, the instrument depends 





upon the production of a shade of grey by a black revolving 
disc having radial slots which can be varied in ‘width 
during revolution (Fig. 3). With a suitable speed a 
perfect grey colour can be obtained and the smoke matched 
with the grey by holding the revolving disc so as to view 
the background through it close beside the smoke (Fig. 4). 
Four black discs are mounted on the shaft of the instru- 
ment, one behind the other. Each disc has four projecting 
arms or vanes. The vanes may be moved so as to be one 
behind the other, or, alternatively, in echelon. In the 
first case, if the discs are rotated, about one-quarter of 
the light is obstructed when any object is viewed through 
them, and in the latter case there is 100 per cent. obstruc- 
tion. Intermediate vane settings provide different 
readings. 

In use the instrument is held by the handle in the 
right hand with the discs facing away from the observer, 
and the large hollow adjusting nut towards him. The 
hand is kept near the top of the handle, in such a position 
that the thumb will comfortably engage the star wheel 
(Fig. 4). The disc is now revolved by pressing the wings 
on the star wheel with the thumb. The left hand holds 
the adjusting nut and thus serves to steady the instru- 
ment while, at the same time, the nut is turned to alter 
the percentage of obstruction caused by the revolving 
vanes. The grey shade obtained by looking through the 
revolving dises at the background beside the smoke just 
at the top of the chimney must match that of the smoke. 
The instrument is held in such a position that the light 
which falls upon the smoke is the same as that which 
falls upon the revolving disc. Moreover, the disc must 
revolve sufficiently rapidly to eliminate flicker. When a 
match has been obtained, the disc is stopped and the 
percentage of black, i.e., the percentage of obstruction 
of light, is read on a scale on the front of the revolving 
disc.§ 








BRITISH STANDARDS INSTITUTION. 


All British Standard Specifications can be obtained from the 
Publications Department of the Institution at 28, Victoria-street, 
London, S.W.1. The price of each specification is 2s. 2d. post 
free, unless otherwise stated. 

COLD-ROLLED BRASS SHEETS, STRIPS AND FOIL. 

Nos. 265, 266, 267, 711, 712, and 713—-1936. The Insti- 
tution has issued revised copies of Specifications Nos. 265, 
266, and 267, for Cold-rolled Brass Sheets and Strip of the 
three compositions which are most important to users and 
also a new composite specification bearing three B.S. 
Nos. 711, 712, and 713, for three qualities of gilding metal. 
All the specifications cover material up to 3 8.W.G. 
(0- 252in.) in thickness and include foil. The work of the 
Institution in the revision of the three earlier specifications 
and in the preparation of the new composite specification 
was facilitated by a Joint Committee of the Trade, which 
undertook the technical research necessary. They were 
members of the Cold-Rolled Brass and Copper Association, 
and carried through between 500 and 700 tests, based upon 
brass specially prepared to the compositions being studied. 
When the work of this Committee came before the Insti- 
tution it received a further examination, largely fromthe 
point of view of users, and alterations necessary were then 
agreed. The specifications are issued under the following 
titles :—No. 265, cold-rolled brass sheets, strip and foil, 
copper content 61-5 per cent. minimum and under 64 per 
cent. maximum; No. 266, cold-rolled brass sheets, strip 
and foil, copper content 64 per cent. minimum, 67 per cent. 
maximum ; No. 267, cold-rolled brass sheets, strip and foil, 
copper content within range 68 per cent. minimum and 
72 per cent. maximum; Nos. 711, 712, 713, cold-rolled 
brass sheets, strip and foil, copper content respectively 
80 ver cent, 85 per cent., and 90 per cent. 





BITUMINOUS FILLING COMPOUNDS FOR ELEC- 
TRICAL APPARATUS. 

No. 688—1936. For many years there has been a 
demand for a standard specification for filling compounds 
for switchgear and cable boxes. As regards the first- 
named of these uses of filling compounds, a specification 
has now been published, and it is understood that a corre- 
sponding specification for cable box compounds is in pre- 
paration. The new specification was prepared at the 
request of, and on the basis of data supplied by, the Elec- 
trical Research Association, and applies to fluid, plastic, 
and hard bituminous compounds suitable for use as filling 
compounds which are subjected to electrical stress in 
service in electrical apparatus other than cable boxes. Oils 
and oil-resisting compounds are excluded. There are five 
classes of compounds, graded according to their softening 
points. 








Tue S.R. Nive Etms WareHouse.—We have been 
asked to state that the whole of the sack-handling equip- 
ment at the Southern Railway’s new Nine Elms ware- 
house described in our issue of November 27th was 
designed, manufactured, and erected by Spencer (Melk- 
sham), Ltd., Melksham, Wilts. 

Roap Licut1nc Potes.—We have received from Poles, 
Ltd., 3, London Wall-avenue, E.C.2, particulars of an 
installation of the company’s “ Adastra” steel section 
poles used for gas lighting at Rowley Regis. The con- 
struction of these poles was dealt with in Taz ENGINEER 
of August 14th, 1936, and the new lighting employs 
standards having an overall length of 29ft. 8in., fitted 
with bracket arms with an outreach of 4ft. 6in. and 
“* Venus ”’ t finial. The lantern used is the Parkinson 
“‘Maxill.” All the standards are hot-spelter galvanised 
inside and out, and after treatment by a special process 
are stove enamelled in alternate colours of cream and 
light Brunswick green, the bottom section having a coat- 
ing of ‘ Ruberoid.” The stove enamelled finish elimi- 
nates the cost of further painting, and may be expected 
to reduce maintenance expense to very small proportions. 

§ The paper concludes with a discussion of the optical con- 
ditions affecting the use of the instrument shown in Fig. 3, and 
of the various corrections to be applied to the indications given 
by it.—Ep. Tue E. 
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Markets, Notes and News. 


The prices quoted herein relate to bulk quantities. 


f.o.b. steamer. 


Another Steel Sheet Price Advance. 


Increases in the prices of black and galvanised 
steel sheets seem to come with almost monotonous 
regularity since the formation of the International Sheet 
Cartel. The latest advance occurred on December 10th, 
when the quotations for black sheets for general export 
were raised by 15s. to £11 10s. f.o.b. 24-G. basis, and the 
extras on 28-G. and lighter were increased by 5s. For 
South Africa the quotation was advanced from £10 5s. 
to £11 5s., plus 3 per cent. on invoice value, and for the 
Irish Free State to £12 15s. f.o.g. An equally heavy 
increase was made in the price of galvanised sheets, 
the general quotation for 24-G. corrugated sheet being 
advanced by £1 to £13 15s. f.o.b., and for South Africa 
by the same amount to £13 10s., plus 3 per cent. on invoice 
value. A similar increase brought the price for Rhodesia 
to £13 17s. 6d. For Sweden the quotation has been raised 
from £11 2s. 6d. to £12 10s. f.o.b., and for the Irish Free 
State from £14 to £14 15s. f.o.q. This marks the fourth 
occasion this year that the price of steel sheets has been 
advanced. At the beginning of 1936 the quotation was 
£9 10s. f.o.b. for black sheets, 24-G. basis. Early in 
August a rise of 5s. took place in the export prices of 
blacks, and galvanised sheet quotations were also raised. 
In October the black sheet quotation was advanced 
again by 10s., and for galvanised sheets 24-G. corrugated 
by 15s. This was followed by another advance in Novem- 
ber, which brought the export quotation for black and 
galvanised sheets up a further 5s., and now the price has 
been again increased roughly to the extent of 15s. on 
black sheets and £1 in the case of galvanised sheets. 
Quotations for India have been raised £1 to £13 15s. 
c.i.f. 24-G. corrugated sheets in bundles, and 22s. 6d. 
for Bengal to £13 17s. 6d. c.i.f. It is understood that 
these prices are subject to the works being in a position 
to accept the business offered. According to statements 
which have been made the sheet makers have booked a 
considerable tonnage of orders of late, and are in a position 
to adopt a selective policy with regard to the business 
coming forward. This is somewhat surprising, since not 
so very long ago the sheet industry was well employed 
upon home orders, but the mills were in considerable 
need of work for overseas markets. The quotations 
for Continental black and galvanised sheets, also, have 
been raised, the general export quotation being £11 5s. 
for 24-G. 


Our Iron and Steel Exports. 


The British exports of iron and steel for Novem- 
ber, according to the Board of Trade Returns, totalled 
193,311 tons, only 1049 tons below the October figure. 
The value, however, was £100,946 less, the total being 
£3,233,003 and £3,333,949 respectively. Exports of pig 
iron in November were 6800 tons, a sharp reduction from 
the 9128 tons exported in October. The decline was par- 
ticularly noticeable in the quantities sent to British 
countries, which in October amounted to 3362 tons and 
in November to 833 tons. There was an increase in the 
exports of forge and foundry iron to 4693 tons from 3541 
tons in October, whilst exports of acid pig iron declined 
from 5583 tons in October to 1836 tons last month. Com- 
paratively little change is registered in the exports of 
ferro-alloys, which amounted to 748 tons in November 
against 716 tons in the previous month. The exports of 
general descriptions of steel also closely approximated 
the October total, the figures being 15,943 tons in October 
and 15,496 tons in November. Of the latter total, 
British India took 2712 tons, South Africa 2501 tons, New 
Zealand 1061 tons, and Canada 600 tons. The exports of 
plates and sheets, }in. thick and over, which in October 
amounted to 11,089 tons, showed a slight increase to 
11,625 tons, the largest buyer in November being Canada 
with 981 tons, India coming second with 799 tons, whilst 
the quantities sent to foreign countries totalled 7070 tons. 
Plates and sheets under fin. thick were exported to the 
extent of 8948 tons in November, a decline from the 
12,079 tons sent abroad in October. Of the former total, 
2945 tons went to British countries and 6003 tons to foreign 
countries, the largest buyer being the Argentine Republic 
with 3372 tons. There was an increase in the exports of 
galvanised sheets from 20,516 tons in October to 22,390 
tons in November, whilst the quantities of tinned plates 
sent abroad last month advanced from 33,813 tons in 
October to 39,687 tons. A slight improvement was 
disclosed in the exports of wrought iron tubes in Novem- 
ber to 19,855 tons, compared with 19,491 tons in the pre- 
vious month. There was little change in the exports of 
railway material, which in November totalled 13,196 
tons, compared with 13,408 tons in the previous month. 
The November total included 9768 tons of steel rails and 
924 tons of sleepers, fish-plates, &c. South Africa took 
the largest quantity in November with 25,443 tons; 
Canada came second with 20,629 tons, and India third 
with 18,083 tons, whilst of foreign countries the Argentine 
was the best customer with 12,537 tons, Holland took 
5827 tons, and Denmark 8158 tons. 


Imports Down Again. 


There was a sharp reduction in the imports of 
iron and steel in November, which fell from 101,032 tons 
in October to 90,660 tons, the smallest imports in any 
month since November, 1935. Probably the decline was 
due in some measure to the long delay in releasing the 
import quota for the last three months of 1936, which was 
not made until the beginning of December. Imports of 
pig iron showed an increase from 23,473 tons in October 
to 28,968 tons in November, but this was almost entirely 
due to the rise in imports from India from 11,777 tons to 
17,832 tons in November. A decline took place in imports 
of ferro-alloys from 5983 tons in October to 4741 tons in 


increased from 15,883 tons in October to 16,937 tons last 
month. The November figures show that the imports 
from British countries totalled 7454 tons, whilst Belgium 
sent 3505 tons and France 5377 tons. There was a rise 
also in the imports of sheet bars, which in October totalled 
3506 tons and in November 5350 tons, all of which came 
from Belgium. Imports of wire rods in November 
increased to 5574 tons compared with 4371 tons in the 
previous month. There was a sharp decline in the quan- 
tities of girders, blooms, joists, and pillars brought into 
the country, the total for October and November being 
6618 tons and 1674 tons respectively. Hoop and strip 
was imported last month to the extent of 4336 tons against 
4403 tons in October. A remarkable decline, however, 
occurred in the imports of plates and sheets, which in 
October amounted to 3736 tons, and dropped to 871 tons 
in November. During October 1688 tons of wrought 
tubes were brought into the country, and last month this 
quantity increased to 2353 tons, whilst there was an 
increase in the imports of railway material from 2889 tons 
in October to 3097 tons in November. Belgium was as 
usual the chief importing country during November 
with 18,142 tons, India coming next with 17,832 tons, and 
Canada third with 12,800 tons. Imports from France 
amounted to 9713 tons and from Sweden 9567 tons, whilst 
Germany sent 4866 tons. 


British Iron and Steel Production. 


The monthly statement issued by the British 
Tron and Steel Federation gives the output of pig iron 
in November as 643,100 tons, against 670,300 tons in 
October and 529,500 tons in November, 1935. The 
production included 152,700 tons of hematite, 345,100 
tons of basic; 116,500 tons of foundry and 15,100 tons 
of forge pig iron. Steel ingots and castings were produced 
to the extent of 1,001,300 tons, against 1,060,500 tons 
in October, and 903,300 tons in November last year. 
At the end of the month 114 furnaces were in blast, four 
having been blown in and three put out of commission 
during November. Although particulars are not given 
in the statement, the four furnaces blown in were at 
the following works:—The Charcoal Iron Company, 
Ltd., Barrow-in-Furness; the Staveley Coal and Iron 
Company, Ltd., Chesterfield; the Lilleshall Iron Com- 
pany, Ltd., Shifnal, Salop; Dorman Long and Co., 
Ltd., Middlesbrough, whilst those blown out were at the 
works of Pease and Partners, Ltd., Normanby Park ; 
the Workington Iron and Steel Company, Ltd., and 
M. and W. Grazebrook, Ltd., Netherton, Worcs. The 
following table gives the average monthly production 
of pig iron and steel over a period of years and the monthly 
output for the past four months :— 


Pig iron, Steel, 

tons. tons. 
1913—Monthly average ... 855,000 638,600 
1920 As - pe 669,500 755,600 
1929 “i 632,400 803,000 
1933 ree 344,700 585,300 
1934 497,400 737,500 
1935 ” ” 535,300 821,600 
1936—August ... 635,800 872,700 
September 650,800 1,027,000 
October ... 670,300 1,060,500 
November 643,100 1,001,300 


The Pig Iron Market. 


Following the recent increase in the prices of 
foundry pig iron a rather more stable tone has developed 
in the market. There is still a scarcity of foundry brands, 
but as the current quotations are to remain unchanged 
until the end of June producers and consumers are more 
willing to book forward business. Nevertheless, there is 
little freedom in the market since supplies of this iron are 
likely to be tight for many months to come, and there is 
considerable reluctance amongst the makers to place 
more business on their books than they can comfortably 
handle. Consumers are naturally pressing orders upon 
their suppliers even on the understanding that they will 
have to be rationed. It is said that rather more foundry 
iron is reaching the market now than for some little 
time past, but it is scarcely sufficient to relieve the 
stringency, and hopes are entertained that the position 
will be eased further by the starting up of another furnace 
upon foundry iron on the North-East Coast. There is 
still a substantial amount of business being done in 
special foundry irons owing to the difficulties consumers 
experience in obtaining sufficient quantities of No. 3 
Cleveland. Practically none of this iron is available 
for overseas, but the export quotation is maintained 
nominally at 78s. 6d. f.o.b. for No. 3. In the Midland 
market most of the business which has been transacted 
of late has been in Derbyshire iron, as it is by no means 
easy to obtain Northamptonshire brands even for far 
forward delivery. The attitude of the Northamptonshire 
makers, in fact, is rather to remain aloof from the market 
for the time being. Although new business will be trans- 
acted at the higher rates the makers point out that it 
will be some time before the contracts fixed at the previous 
prices will be completed. A certain amount of business, 
however, has been done in foundry iron at the advanced 
fi , since the demand seems to be too urgent to be 
restricted by an increase in quotations. In the Lancashire 
market some check was administered to new business 
by the advance, but this attitude on the part of consumers 
was not long maintained, and by the end of last week 
the pressure to ensure supplies had become as heavy 
as before the price movement took place. In some 
cases recently business has been transacted for delivery 
up till the end of September, 1937. The demand in 


Scotland remains steady. The number of furnaces pro- 
ducing basic iron has been reduced to three, whilst those 
on hematite have been augmented by a similar number 


Unless otherwise specified home trade quotations are delivered f.o.t. 
A comprehensive list of the prices of materials mentioned below will be found on the next page. 


Export quotations are 


Current Business. 


The rolling mills and plant of the Monkwear- 
mouth Iron Works of Samuel Tyzack and Co., Ltd., Sun- 
derland, exclusive of the site, buildings, or railway sidings, 
have been acquired for dismantling purposes by Thos. 
W. Ward, Ltd., Sheffield. Formerly these works produced 
500 tons of iron and steel and 150 tons of rivets per week. 
The plant includes rolling mills of 18in., 17in., 12in., and 
10in. capacity ; hammers; twenty puddling and reheat- 
ing furnaces ; rivet-making plant, machinery, and driving 

uipment. The Great Western Railway has announced 
that in 1937 approximately 400 miles of line are to be 
completely relaid or partially renewed. This work will 
involve the use of 30,000 tons. of new rails, 20,500 tons 
of cast iron chairs, and 4300 tons of bolts and fish-plates. 
About fifty bridges are also to be reconstructed wholly 
or in part. The loan of £10,000 has been granted by the 
Special Areas Reconstruction Association to Pailor, Lamb, 
Hill and Co., Ltd., a new company formed to establish 
a factory at West Hartlepool for the production of steel 
girders and rods for use in building construction. The 
capital of the company will be £25,000. An order for steel 
worth £15,000 is stated to be in prospect. The Cortonwood 
Colliery Company, South Yorkshire, has decided to 
construct a modern battery of coke ovens and by-product 
plant. The existing ovens have been in use for twenty- 
five years. The Jernkontoret, of Copenhagen, has placed 
an order for 11 tons of stainless steel with Firth-Vickers 
Stainless Steels, Ltd., Staybrite Works, Sheffield. The 
steel is intended for water filters for the new Copenhagen 
Waterworks. The English Electric Company, Ltd., has 
obtained an order for electric drives for rolling mills at 
the works of Richard Thomas and Co., Ltd., Ebbw Vale. 
The Department of Overseas Trade announces that the 
following contracts are open for tender :—South African 
Railways and Harbours: Supply and delivery of one 
motor-driven double-ended notching machine, capable 
of notching in the centre of the following sections with 
standard blades :—Joists, 3in. to 15in. by Sin. by 42 Ib.; 
channels, 3in. to 12in. by 3}in. by 331b.; flats, angles, 
and plates, up to jin. thick (Chief Stores Department, 
Johannesburg, January 18th, 1937); black bolts, nuts, 
washers, and rivets (Johannesburg, December 28th). 


Copper and Tin. 


The electrolytic copper market appears to be 
following the course expected, and whilst prices are 
firmly maintained, current business has declined some- 
what. The producers have sold large quantities of copper 
for delivery over the next six months and are in a position 
to adopt a somewhat indifferent attitude towards new 
business. According to American statistics the sales 
during November totalled 88,175 short tons, which, of 
course, compares very unfavourably with the inflated 
figure of 180,000 tons in October. But in November, 
1935, the sales, which were considered moderate, reached 
only 31,958 tons. These figures indicate the extent to 
which consumers have covered themselves and provide a 
natural explanation of the rather restricted volume of 
business this month, apart from the fact that buying 
towards the end of the year is generally limited owing 
to the dislike of manufacturing concerns to have large 
sums of money locked up in metal during stocktaking. 
The market has a confident note and little doubt is 
expressed as to the likelihood of the increased production 
of copper being absorbed next year. No doubt this 
attitude is partly due to anticipations that Continental 
requirements will considerably expand within the next 
few months. In the London standard market prices 
have shown considerable strength, largely as a result 
of strong speculative buying. The recent drop in prices 
appears to have stimulated the interest of speculators 
in this market, and an extensive bull account has been 
built up.... The tin market appears to be passing 
through a rather uninteresting phase. The adverse 
influence exercised by the increase in the visible supply 
disclosed in the statistics at the end of November does 
not yet seem to have been dispelled, and, in addition, 
expectations are general that the figures for December 
will show a further rise in the quantities of tin available. 
Buying has been largely professional and at times a certain 
amount of support for the metal has been forthcoming. 
Sales in the East have continued upon a good scale, 
but consumers in the United States have shown little 
interest in the market, and buying by Continental users 
has been distinctly quiet. 


Lead and Spelter. 


Another sharp price advance has occurred in the 
lead market which has brought the quotation to nearly 
£26 per ton. There is no doubt that the position so far 
as supplies are concerned is tight and is likely to become 
more so if exports of Spanish lead are not resumed. 
Although these totalled only between 4000 and 5000 tons 
a month they made a distinct contribution to the world’s 
supplies. Arrivals of Empire lead are quickly taken 
up, and recently most of the Mexican lead reaching this 
country has passed into the hands of consumers. There 
has been a considerable volume of speculation in the lead 
market, and this has undoubtedly had much to do with 
the advance in prices. It is possible, of course, that the 
realisation of speculative purchases will have the effect 
of causing values to recede, but at the moment the con- 
sumptive demand seems sufficiently strong to maintain 
quotations.... Whilst there has been little change in 
the conditions ruling in the spelter market.the sympathetic 
influence exercised by the increases in quotations for. 
other non-ferrous metals has had a beneficial effect upon 
sentiment, although prices have not advanced either 
so far or so rapidly as for lead. Some improvement is 
noticeable in the demand and the general level of con- 








November. Imports of billets, blooms and slabs, however, 


to six. 


sumption of the metal seems to be rising. 
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Current Prices for Metals and Fuels. 


Makers’ official home trade prices per ton, delivered buyers’ stations. 





Sections, joists and plates are subject to a rebate to home users purchasing only from associated 


British Steelmakers: joists, 22s. 6d.; plates and sections, 15s. *For Markets other than India, Australia and New Zealand, 5s. per ton must be added. 


PIG IRON. 
Home. 
(D/d Teesside Area) 
N.E. Coast— £ os. d. 
Hematite Mixed Nos.*.. 4 5 0.. 
No. 1 Sie SRY "pte eg a Ree 
Cleveland— (D/d Teesside Area) 
No. 1 ee, tenn ited: eancte AB Goci 
No. 3 G.M.B.. . 4):An D4. 
Nov G Pace oo SR REO. 
Basic (Less 5/— rebate)... 315 0... 
MipLanDs— 
Stafis—- (Delivered to Black Country Station) 
North Staffs. Foundry 4:68.10. 
és Forge ce oo... 
Basic (Less 5'— rebate)... 315 0. 
Northampton— 
Foundry No. 3 43 6 
Forge 3.18 6 
Derbyshire— 
No. 3 Foundry ee ss 
Forge “ 3 9. 
ScoTLanp— 
Hematite, f.o.t.furnaces* 4 5 6 .. 
No. 1 Foundry, ditto .. 410 6. 
No. 3 Foundry, ditto ° See"). 


Basic, d/d (Less 5/— rebate) 315 0. 
N.W. Coast— | 4 5 6d/d Glasgow 
Hematite Mixed Nos.*..- 4 11 0 ,, Sheffield 


Export. 


(417 0 ,, Birmingham 


* Less 5/— rebate. 


MANUFACTURED IRON. 


Home. 

Lancs. AND YORKS.— £ s. d. 

Crown Bars .. i ae @... 

Best Bars ay J era ®: 2 
MipLanDps— 

Crown Bars .. ne, 6... 

Marked Bars (Staffs. “e a3; 2:0. 

No. 3 quality SiS s Cele rer iG 

No. 4 quality av 6. 
ScoTLanp— 

Grown Bears .. .. .- 1010 0.. 

est) othi: xo. Sahel: © Be 
N.E. Coast— 

Common Bars oa ee ee Oe ot 

Best Bars St 7 oa - Sk 

Double Best ra ‘a we Me es 


NORTHERN IRELAND AND FREE STaTE— 
Crown Bars f.o.g... .. 10 17 6.. 


STEEL. 
Home. 
LONDON AND THE SoutH— £ s. d. 
Remfes). 351). 0.2 ene Bt B.:. 
:\ oS eas oc Te a 
memes US. (USS 2 ee O'S 
Channels. : en ee ee 
Rounds, Sin. ‘ay  .< 0) 2 @.. 
RS under 3in. Lie Se 
Flats Sabeiene e802. 
Plates, jin. (basis) 9126. 
fgin. .. ie ae ee: 
jin. .. ; a ? S. 
cee a ie 4S 
Un. ¥ to fin. foal. + aa @ @.. 
Boiler Plates, jin. —a a Ne 
NortuH-East Coast— Fa: &; 
Angles .. .. a a oe et 
“are ee 
Joists. er ek Pe ee 
Channels. pM a 8 @. 
Rounds, Sin. andup ..10 9 0. 
ander 3in. 7 oe Me DEE 
Plates, #in. (basis) ee eo. 
fin. . por, eae. S 
” a hy EEF, Bras 
wi pw ‘My SB os 
Un. ¥ to fin. incl. 915 0 
Boiler Plates, fin... .. 917 6 
MIDLANDS, AND LEEDS aND DistTRIcT— 
£s. d. 
Avigles 60) sheosee [po aoe @. 
Tees! 600% bat. eee 8 w 
Joists Jy TR o 3. 6e. 
Chemais.3! 2S Ure ea eae 
Rounds, 3in.andup .. 10 0 0.. 
a under 3in. ee 5: i 
Flats, 5in. and under Ro 2 Oks 
Plates, jin. (basis) .. 910 0. 
» ie. ee | ee ae 
ss Re | ot, oa 
site! * SP verde ask a 
Un. ¥ to fin. eae -, OS. Oe 
Boiler Plates, jin. a; oe ee Oe 


Export 
£a.d 
10 0 0 
10 12 6 
10 0 0 
12 10 0 
10 0 0 
10 12 6 
10 0 0 
10 12 6 
11 10 O 
Export. 
£ s. d. 
*8 0 0 
*9 0 0 
*8 0 0 
*8 5 0 
a 5 
8 2 6 
8 2 6 
8 5 O 
78 10 0 
4815 0 
19 0 0 
910 0 
817 6 
£ s. d. 
*8 0 0 
3 0° @ 
3s 8 0 
"S$ & 0 
*9 0 0 
8 2 6 
8 5 0 
78 10 0 
18 15 0 
79 0 0 
910 0 
817 6 
a 
*8 0 0 
*9 0 0 
"S61: 
*8 5 0 
pe ie 
8 2 6 
8 2 6 
78 5 0 
t8 10 0 
18 15 0 
7910 0 
9 0 0 
817 6 





+ South Africa 5s. and Foreign Markets 2s. 6d. higher. 


STEEL (continued). 


Home. Export. 
Guascow anv District £5 m..0. £0: 0, 
Angles 26st wri Oars *8 0 0 
Weeess 155 hd Sri ecard. *9 0 0 
See SU ay eee & ap Frege tT *8 0 0 
Channels.. .. oe ue: *8 5 0 
Rounds, 3in. ond v up .. 10 0 0. “2,9 
a under 3in. i ae as s:..3.§ 
Flats, 5in.andunder .. 9 7 0. 8 2 6 
Plates, jin. (basis) So  Tirci: 78 5 0 
st Lpescesty ae 2guighigt ef) +8 10 0 
» es a oe ees 78 15 0 
o” fein. . + ee ee t9 0 0 
Un. ¥# to fin. a. ia ee Dg 910 0 
Boiler Plates, fin... .. 917 6. 817 6 
SoutH Wates ArREA— Seid £ esd. 
Angles oa Pt 6° 0° ®@ 
Tees. 10 0 0. *9 0 0 
Joists .. te *8 0 0 
Channels. . asp Sis Bs *8 5 0 
Rounds, 3in. oar ere ee ee *9 0 0 
ss under 3in. Ae oe eed oe . 26 
Flats, 5in. and under .. 9 7 0. 8 2 6 
Plates, jin. (basis).. .. 910 0. 8 5 O 
MS MaMerg< ae 2 35-2. 78 10 O 
» Se 10 0 0. 78 15 0 
$e Se Pe (ee eee 19 0 0 
Un. % to fin. incl. 5) eR) OT ORS 8 ins 910 0 
IneLAND—F.0.Q. BELFAST. Rest oF IRELAND. 
£6. &. £ es. d, 
Angles .. iy $a ee ge ae 9 7 6 
ONE. cise ies ates, 109 yo es 10 7 6 
Cae sired Se Be. 915 0 
Channels.. .. 5. OSE Ors 912 6 
Rounds, 3in. aide up .-10 6 0. 10 7 6 
a under 3in. wo, a a 8 5 0 
Plates, #in. (basis) ») 243.8. 79 15 0 
*» MRS rain Fins 55, ROE ORs flo 0 0 
Bi ae hs . 2584 t10 5 0 
% fin. . ARO Tiss 710 10 0 
1. J to fin. lasek 10 2 6 10 5 0 
OTHER STEEL MATERIALS. 
Home. Export. 
Sheets. Ss. a. £ se. d, 
14-G. to 20-G., d/d o> 42 38-6... sofa. BAS -@ 
21-G. to 24-G., d/d oe ae OO 8. Se eee eee 
25-G. to 27-G., d/d «+s 1232 6... tab. Ets. © 


South Africa, 24-G. Basis £11 5s. plus 3°, on invoice value; 
Irish Free State, £12 15s. f.0.q. 

The above home trade sheet prices are for 4-ton lots and over ; 
2-ton to 4-ton lots, 10s. per ton extra; and under 2-ton lots, 
30s. per ton extra. 

Galvanised Corrugated Sheets, Basis 24-G.— 


Home. £ s. d. 
4-tonlotsandup.. .. 14 0 0 
2-ton to 4-ton lots Re ea ee 
Under 2 tons bel? ES. OH 


Export: India, £12 15s. to £13 2s. 6d. c.i.f. ; South Africa, 
£13 10s. f.0.b., plus 3 p.c. invoice value ; Australia and 
Rhodesia, £13 17s. 6d. f.o.b.; Irish Free State, 
£14 15s. f.0.q.; General, £13 15s. f.o.b. 

Tin-plates. 
20 by 14 basis, f.o.b. Bristol Channel Ports, 18s. 9d. 
Tin-plate Bars, d/d Welsh Works, £6 0s. 0d. 


Billets. £s. a. 
Basic (0-33% to 0:41% C.) ns aaa i 75 0 
» Medium (0-42%to0-60%C.).. .. 715 0 
ue Hard (061% to 085% C.) 8 6.0 
9 » (0°86% to 0-99% C.) . 815 0 
od » (1% C. and up) ail sate bi Bed @ 
Soft (up to 0-25% C.), 500 tons and up .. 6 2 6 
Rails, Heavy, 500-ton lots, f.o.t. Me3ae © 
» Light, f.o.t.. - 710 0 
FERRO ALLOYS. 
Tungsten Metal Powder... .. .. 3/14 per lb. 
Ferro Tungsten wi ast is ated gee Be. 
Per Ton. Per Unit. 
Ferro Chrome, 4p.c.to 6p.c.carbon £21 10 0 7/- 
i »  6p.c.to 8p.c. o> aE: Oc 7/- 
a a Sp.c.tol0p.c. .. £21 0 0 7/- 


Specially Refined .. 

Max. 2 p.c. carbon £33 10 0 11/- 
1 p.c. carbon £36 5 0 11/- 
0-50 p.c. carbon £37 5 0 12/- 
earbon-free .. 94 per lb. 


” ” 2” 


” ” ” 


” ” 


Metallic Chromium Sel OL PRS pee Ie 
Ferro Manganese (loose), 76p.c. .. £11 15 0 home 
» Silicon, 45p.c.to50p.c. .. £1115 Oto£l2 5 0 
seale 5/— p.u. 
a 0 AAR Rel csc.8 5 cs vise yds, OOO MOL, Ake Oe 
scale 6/— p.u. 
» Vanadium .. .. .. .. 12/8 per lb. 
» Molybdenum.. .. .. .. 4/6 per lb. 
» Titanium (carbon free) .. 9d. per Ib. 
Nickel (perton) .. .. .. .. £200 to £205 
Cobalt See oo ak: 6) Tone oe wb: 





NON-FERROUS METALS. 
(Official Prices, December 16th). 


CoPpPpER— 
OEE nor 54 ps 6 wnt el Leventey. A Pe eee 2 8 
Three months... .... ‘ £46 5 Oto £46 7 6 
Electrolytic .. Nd ae He  S Oto Barro 
Best Selected Ingots, d/d Bir- 
eee Le ee £50 10 0 
Sheets, Hot Rolled Ve £77 0 0 
Home. Export. 
Tubes, Solid Drawn (basis) . . 113d. 113d. 
»  Brazed (basis) .. .. 11}d. 113d. 
Brass- 


Ingots, 70/30,d/d Birmingham £34 0 Oto £36 0 0 
Home. Export. 


Tubes, Solid Drawn, 2/1 Alloy 10$d. 10}d. 
af. TREE as. ss rea. cai 124d. 12}d. 
Tra— 
eh 35>. 2és . a . £236 15 Oto £237 0 0 
Three Months... .. .. .. £236 15 Oto £237 0 0 

Leap: (Cash and forward) .. : £25 17 6 

SPELTER :  F aa) ane ge £18 11 3to £18 16 3 

Aluminium Ingots (British) . a. £100 to £105 

FUELS. 
SCOTLAND. 

LANARKSHIRE— Export. 
(f.0.b. Grangemouth)—Navigation Unscreened 15/— to 16/6 
Hamilton Ell .. .. . ad . «+» 16/6 to 17/- 
Splints | iiaaty Agios . 19/-to 19/6 

AYRSHIRE— 

(f.0.b. Ports)—Steam aid : 15,- 

FiresHIRE— 

(f.0.b. Methil or Burntisland)— 
Prime Steam.. .. ean? : 16/- to 16/6 
Unscreened Nav igntion Seas ies . 14/6 to 14/9 

LotTHi1ans— 

(f.0.b. Leith}—Hartley Prime .. .. .. 16/- 
Secondary Steam... .. feo 4 = 15/6 
ENGLAND. 

YORKSHIRE, MANCHESTER— 

B.S.Y. Hard Steams .. .. -- «+ 19/6 to 23/- 
Furnace Coke Lenten sie. ee st ER 
NorTHUMBERLAND, NEWCASTLE— 
CO ee eee shes 17/- 
» Second.. . ee ee ae Py 16/— 
» Best Small . Ser Pees ; Ks 13/6 
Unscreened .. wre, : .. «+ 15/6 to 16/6 
DurHamM— 
ee Git!) Fie Vea Ge ately Sb eri cs 16/6 
Foundry Coke sa?) npitauns lesie. perciate « ABA Re BONS 
SHEFFIELD— Inland. 
Best Hand-picked Branch .. 27/6 to 29/6 
South Yorkshire Best .. .. 24/-— to 30/- 
Seconds .. .. .. «.. «.. 21/—to 22/- 
CarpisF— SOUTH WALES. 
Steam Coals : 
Best Admiralty Large.. .. .. .. ‘ 19/6 
Best Seconds isl Ch opie Hat's .. 19/- to 19/43 
Best Dry Large .. SUAS geet a ies 18/6 
Ce ee FO Fe .. 18/3 to 18/6 
Bunker Smalls ey ee 13/6 to 14/6 
Cargo Smalls . . : : .. «+ 18/—to 13/6 
Dry Nuts ee tae «+ os 0 SOle 00 STE 
Foundry Coke v4 “SH . .. 380/- to 47/6 
Furnace Coke ; 3 . .. 24/6 to 25/- 
Patent Fuel .. . mi bint ed vere 2/- 
SwansEa— 
Anthracite Coals : 
Best Large .. eS 
Machine-made Cobbles.. ot) Wesidhves east Bilin SOs 
Nuts oT (REHM ene. aR eas 
Betis 4... Nie ACL RU Gis See ae 
Peas eae tena a eae .. «+. «+ 19/—to 23/6 
Rabtly Gulm.. .. °.. .-isst oxcd) cae B- 
Steam Coals : 
Large Ordinary .. .. .. «- «+ +e 18/— to 20/6 
FUEL OIL. 
Inland consumption ; contracts in bulk. 
Exclusive of Government tax of 1d. per gallon. 
Ex Ocean Installation. Per Gallon. 
Furnace Oil (0-950 oe se PE 33d. 
" Diesel Oil a, MENS oe ae A 4d. 
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French Engineering Notes. 
(From our own Correspondent in Paris.) 


The Labour Situation. 


THERE are so many side issues in labour conflicts 
that they tend to obscure the final aim of the unions that 
encourage them. The strikes in the engineering and 
metallurgical industries in the Nord were declared osten- 
sibly with the object of compelling employers to settle all 
matters in dispute over the collective contract imposed 
upon them by the Matignan agreement. But the strikes 
started after employers had begun negotiations with the 
labour union, and in accordance with a decision that all 
employers had come to, they refused to continue the nego- 
tiations so long as works were occupied. Employers 
accept the Matignan contract in its general terms, but its 
working has shown the necessity of modifications in detail 
that will guarantee them against any action on the part 
of the unions that may deprive them of their rights and 
liberty. Since employers signed the contract under com- 
pulsion in June last, the men have regarded it as a complete 
victory for themselves, and have interpreted it in their 
own way. No restraint has been placed upon them, and 
they continue to strike with occupation of works in pursu- 
ance of a policy which aims at suppressing the authority of 
employers. The engineering and metallurgical strike in 
the Lille area, in which from 10,000 to 12,000 men are 
involved, is a crucial test of the employers’ resistance. 
It may also prove a turning point in the struggle between 
employers and the unions. When the Minister of the 
Interior intervened with an attempt at conciliation, the 
men offered to evacuate works on condition that they 
were ‘ neutralised,’’ which means that the State would 
take them out of the hands of their owners until the 
matters in dispute were settled. On employers refusing 
to accept this alternative the men consented to leave the 
works, because, they said, they wanted to show the public 
that employers had no intention of settling the dispute 
amicably. They, nevertheless, picketed the works, which 
employers declare to be equivalent to neutralisation. 
Consequently, the situation has not changed. 


Employers’ Claims. 


The men know that the evacuation of works can 
only precede negotiations that cover a number of important 
claims. These have been clearly set forth in a statement 
to the Government. Employers insist on their right to 
engage men individually after a strike, and when they are 
wanted, without interference from the unions. This claim 
to absolute authority widens an already serious breach. 
The Compagnie Lilloise des Moteurs, the Compagnie de 
Fives-Lille, and other firms sent notices of dismissal to 
strikers, who publicly burned them with the usual revolu- 
tionary demonstrations. Again, employers “ will not 
tolerate Soviet organisations in their works.” Such 
organisation takes the form of Communist “ cells,” which 
aim at controlling labour and at rendering the control 
efiective by depriving employers of their right to dismiss 
men. The employers’ insistence on authority strikes at 
the root of the present trouble. So far as they are con- 
cerned, there can be no conciliation on a vital question of 
principle. As matters now stand, all the men’s claims for 
higher wages, the forty hours’ week, and other advantages 
have been legalised, and they would appear to have nothing 
more to strike for, except on questions that pass from the 
Socialist to the Communist programme, and the agitation 
has gone far beyond what the Government had anti- 
cipated. Compulsory arbitration is intended to put an 
end to strikes and industrial disturbances, and the Govern- 
ment is obviously counting on this measure to save the 
situation, without, however, finding a favourable response 
from those who are directly interested in the national 
production. 


Naval Construction. 


The launching of the 26,500-ton battle-cruiser 
‘* Strasbourg ”’ at Saint-Nazaire on Saturday last, and the 
making of the first spot weld on the keel of the 35,000-ton 
battleship ‘‘ Jean-Bart ”’ in the new construction dock of 
the Chantiers de la Loire by Monsieur Gasnier-Duparc, 
Minister of the Marine, have impressed upon the country 
the necessity of more rapid progress with the construction 
of ships and the putting in hand with the least possible 
delay of a new programme that will include three new 
battleships, probably of the same class as the ‘‘ Richelieu ”’ 
and ‘“‘ Jean-Bart.’’ From the time work was started upon 
her, it has taken two years to launch the ‘‘ Strasbourg,” 
and the time occupied in building and fitting out the 
** Dunkerque ”’ will have been six years. There has been 
some loss of time through strikes, but this does not account 
for the slowness of construction as compared with what is 
done in some shipyards abroad, and it is intended to make 
every effort to remedy this inferiority. The task is not 
facilitated by the introduction of the forty hours’ week. 
Some compensation is provided by the fighting value of 
the two new battle-cruisers, which are regarded as highly 
creditable examples of French naval architecture. More 
weight has been put into the protection of the hull and 
deck by economising weight in the grouping of the 
quadruple turrets, and the ships are expected to compare 
favourably with anything of their kind afloat as regards 
protection, artillery, and speed. The ‘ Dunkerque ” 
is known to have exceeded her contract speed of 31 knots. 


Rolling Stock. 

The Superior Railway Council, which decides 

upon the railway companies’ expenditure for rolling 
stock, has recommended the distribution of orders during 
1937 to the value of 606 million francs. This amount is 
far below what wagon builders regard as necessary for 
the recovery of their industry, which has fallen to a very 
low ebb in consequence of the sparseness of orders during 
the past few years and the loss of foreign trade. Only 
twelve steam locomotives will be ordered, four of them of 
the “‘ Hudson ” type, for the Compagnie du Nord. Other 
purchases include 72 tenders, 161 railcars, 281 express 
coaches, 174 coaches for suburban railways, and 170 vans, 
all of them of metallic construction. There will be besides 
2460 containers, 1000 goods wagons, and 20 refrigerated 
vans. In consequence of high production costs the 
Council has raised its estimated prices by 33 per cent. 


British Patent Specifications. 





When an i tion is nunicated from abroad the name and 
address of the communicator are pri in italics. 


When the abridgment is not illustrated the Specification is 
without drawings. 

Copies of Specifications may be obtained at ithe Patent Office, 
Sale Branch, 25, Southampton-buildings, Chancery-lane, W.C.2, 
ls. each. 

The date first given is the date of application ; the second date, 
at the end of the abridgment, is the date of the acceptance of the 
complete Specification. 


INTERNAL COMBUSTION ENGINES. 


455,659. May 22nd, 1935.—Drivinec SUPERCHARGER BLOWERS, 
G. L. B. Hall, “‘ Brockley,” Maple Drive, Alvaston, Derby. 
This is a clutch for the transmission of power from the crank- 
shaft A of an engine to the supercharger B and the aim is to 
provide a clutch which is sure in action, both in engaging and 
disengaging, with a minimum weight. It is of the centrifugal 
type and is incorporated in the gear wheel C of the speed 
increasing gear. The clutch comprises a cage D splined to the 
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lay shaft E carrying two sets of shoes F F. These shoes are 
wedge-shaped on the periphery to gain a grip on the interior 
of the corresponding grooves in the toothed ring of the 
gear C under the influence of centrifugal force. The shoes 
are driven from the lay shaft by rivets G, which are accom- 
modated in angular slots H. This method of driving naturally 
accentuates the pressure of the shoes on the ring and enables 
a wedge angle to be adopted which will not jam when the clutch 
is to be released, although the parts are of comparatively small 
dimensions.—October 26th, 1936. 


TRANSMISSION OF POWER. 


455,141. April 17th, 1935—SprEepomMETER TrEsTING Appa- 
ratus, A. W. Wickens, 30, Candover Close, Harmonds- 
worth, West Drayton, Middlesex. 

This is an apparatus for determining the accuracy of motor car 
speedometers. In it the ometer mounted in the car is 
checked against a calibrated electric speedometer. The appa- 
ratus comprises two pairs of rollers A A and B B, so mounted 
that they just protrude_through,the floor. The car is run into 
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place so that the wheel operas the speedometer is supported 
by a pair of the rolls, and is anchored in place. The engine is 
then started in the case of a rear-driven instrument to drive the 
rolls through the road wheels. In the case of a front-driven 
speedometer the rolls are driven by external means by the con- 
nection C. The speed of the rolls, which is a measure of the road 
speed of the car, is then observed by means of a voltmeter D 
energised by a dynamo E connected with one of the rolls.— 
October 15th, 1936. 


MEASURING AND TESTING INSTRUMENTS. 


455,606. March 20th, 1935.—THeE MANUFACTURE OF PaPER, 
Portals Ltd., J. C. Marsden, and J. Knaggs, Laverstoke 
Mills, Whitchurch, Hants. 

This is an apparatus for maintaining an even thickness of 
paper made by a papermaking machine, The finished paper 
passes between two rollers A and B, of which B is supported by 
a frame C pivoted at D. Any variation in the thickness of the 
paper will be reflected in movements of the frame, multiplied 
to the extent of, say, fqur times. This movement is transmitted 
by the plunger E to a horizontal shaft F by means of a rack and 
pinion. On this shaft there is a concave mirror G, which reflects 








light from the lamp H back on to either one or the other of the 


photo-electric cells J J. The current from these cells is used to 
operate the stuff valve of the paper machine. The mirror is 
carried by a bar K pivoted at L and adjusted by the screws M, 


N°455,606 


























so that the spot of light may be brought to zero on the scale N 

regardless! of the nominal thickness of the paper. The per- 

missible variation in thickness is then a measure of the distanc« 

apart of the cells J J.—October 20th, 1936. 

455,612. April 18th, 1935.—ReeuLatine THE MoisTURE 
ConTENT or Paper, George Kent, Lid., 199, High Holborn, 
London, W.C.1, and A. Ivanoff and G. P. E. Howard. 
Biscot-road Works, Luton, Bedfordshire. 

According to this invention the moisture content of paper 
made by a continuous machine is determined by the rate of heat 
transfer from the drying rolls during the drying process, which 
in turn is measured by the rate of condensation of the heating 


N°455,612 
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steam. The illustration shows the drying cylinders of a paper 
machine, the majority of which are heated by steam supplied 
through the valve A. The last three cylinders are supplied by 
the branch pipe B and reducing valve C. The condensate from 
these cylinders is led away by the branches D and metered at E. 
The readings of the meter are taken at F. Incidentally a con- 
nection G with the valve A accomplishes an automatic regula- 
tion of the steam to the main drying rolls, so as to keep the 
moisture content of the paper constant.—October 19th,1936. 


TRAMWAYS AND RAILWAYS. 


454,744. December 20th, 1935.—A Trre ror Rarway Car- 
RIAGE WHEELS, K. I. L. Andersson, Ljusdal, Sweden ; 
0. G. L. Gustavsson, Ljusdal, Sweden, and 8. Kristoffersson, 
Mellansele, Sweden. 

This invention relates to an improvement in tires for carriage 
wheels, particularly railway carriage wheels of the kind con- 
sisting of a rubber tire provided with a reinforcement formed 
by one or more metal rings or the like, embedded in the rubber 
portion of the tire and insulated from the wheel rim, wherein 
the outer edge of the ring or the rings lies on the same or about 
the same level as the running surface of the rubber tire. A 


N°454,744 A 


I] 
itl 


i 
{| 





Hl 
—j— 
| I] 























Je 


rep 
124% 
te Uy 


rubber tire A is vulcanised upon a T-sectioned ring B in such 
a manner that the head of the T section is innermost in the rubber 
tire, whilst the stem or web portion extends upwardly to the 
running surface of the rubber tire. The rubber tire is connected 
with the wheel rim of the wheel by means of links C arranged 
at the sides of the ring, which links are pivoted upon pins which 
pass respectively through the wheel rim and the rubber tire 
and the middle of the ring B. These links serve to hold the 
rubber tire fast and to prevent any lateral motion of the same. 
The links are inclined in relation to the tangent, so that they are 
movable during the springing of the tire.—October 7th, 1936. 
455,154. June 17th, 1935—Trotiry Potss, Accles and Pollock, 
Ltd., Paddock Works, Oldbury, Birmingham ; and L. B. 
Henderson. 
This trolley pole is said to be less liable to jump off the over- 
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head line than the usual design. It is made in two pieces, a 
main section A and an end piece B. The two are connected 
together by the joint illustrated. This comprises two rubber 
bushings C C, which permit a certain degree of flexibility. End 


N9455,154 
A 








movement and rotation are prevented by the set screws D, 
which bear on the square collar E welded to the tube B. A 
collar F holds the inside bushing C in place and locknuts G 
screwed on to a ferrule H welded to the tube B hold the outside 
bushing.—October 15th, 1936. 


WELDING. 


455,451. July 26th, 1935.—E.ecrric Arc Heatine TORCHEs, 
R. Embleton, 103, Folly-lane, Swinton, Lancs., and the 
Metropolitan-Vickers Electrical Company, Ltd., Number 
One, Kingsway, London, W.C.2. 

This is an are heating torch for use in a reducing atmosphere 
and has a number of pairs of electrodes, so that it covers a con- 
siderable length of seam at one time. The electrodes are held 
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in steatite sockets A A, which have spherical bosses and are 
held between appropriately shaped plates B B, so that they may 
be adjusted into position. They project into a copper box C 
which is water cooled, as indicated at D. Hydrogen, for main- 
taining the reducing atmosphere, is introduced at E and escapes 
into the interior of the box through slots cut in the packing 
plate F.—October 21st, 1936. 


MISCELLANEOUS. 


455,640. April 25th, 1935.—MaxkinG ABRASIVE Paper, A. 
Abbey, 111-112, Hatton-garden, London, E.C.1. 

This invention is concerned with the production of carbo- 
rundum paper and cloth and the object is to fix the particles of 
abrasive in the adhesive so that if they are elongated the longer 
axis lies normal to the face of the paper. In this condition, it is 
said, they are faster cutting. The illustration shows the essential 
parts, but the specification gives a diagram of a complete coating 
machine. The operation of the machine depends upon the 
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magnetic properties of the abrasive. The band of paper to be 
coated is shown at A and a belt which feeds the abrasive forward 
at B. They pass between two powerful electromagnets C and D. 
As the paper passes the magnet C it is closer to one pole than the 
other. As a consequence the long pieces of abrasive are up- 
ended and attracted to the sticky side of the paper. It then goes 
on centrally between the poles of the magnet D and passes out 
through a gradually decreasing field so that the granules are 
maintained in an upright position.—October 26th, 1936. 


455,648. April 26th, 1935.—Tue Recovery or AMMONIA FROM 
CoAaL AND LIKE Gases, The Institution of Gas Engineers, 
28, Grosvenor-gardens, Westminster, London, 8.W.1; and 
A. Key. 

This invention is based on the conception that it should be 
possible to distill together from ammoniacal liquor substantially 
the whole of the carbon dioxide and such a proportion of the 
ammonia that ammonium bicarbonate will be formed in the 
receiver of the still, and to leave in the still the rest of the 
ammonia in a form capable of ready recovery in the form of 
caustic ammonia; this latter would be used for absorption 
ef carbon dioxide from a further portion of the coal gas or like 
gas and returned to the still. The invention consists in dividing 
the ammonia of ammonical liquor into two parts, the one being 
recovered together with, as far as is practicable, the whole of 
the carbon dioxide in the form of ammonium bicarbonate, and 
the other part being used to absorb carbon dioxide from coal 
gas or other gas containing carbon dioxide or to produce a 
liquor which is then treated in the same manner as the ammo- 
niacal liquor and preferably together with ammoniacal liquor. 





For this purpose the ammoniacal liquor, which generally con- 
tains ammonia and carbon dioxide in the molecular proportion 
of approximately 2:1, may be run into a still of the normal 
continuous type in which it meets a current of steam. The 
steam removes the carbon dioxide and, more gradually, the 
ammonia. At a point in the still, ascertained by testing where 
approximately 50 per cent. of the ammonia has been thus 
removed, the liquor is passed to a second still, where it is treated 
with more steam and, if desired, with lime to remove the 
remaining ammonia. The condensate from this second still is a 
relatively concentrated solution of ammonia substantially free 
from carbon dioxide. The gases and vapours from the first 
still contain, in addition to steam and small proportions of 
hydrogen sulphide and hydrogen cyanide, ammonia and carbon 
dioxide substantially in the molecular ratio 1:1. It may be 
desirable first to remove excess steam from the gases by means of 
a reflux condenser. The best condition is a temperature of 
75 deg. Cent. for the gases, which should be saturated with 
water vapour at this temperature, but considerable variation of 
conditions is of no great importance. The gases are cooled and 
washed, preferably with a saturated solution of ammonium 
bicarbonate, best by means of spraying, whereby the ammonia 
and carbon dioxide are extracted from the gases and ammonium 
bicarbonate crystals are deposited in the washer. The escaping 
gases are dealt with in any known manner. The temperature 
which is maintained in the washer is preferably as high as is 
consistent with efficient washing and a minimum escape of 
ammonia; 40 deg. Cent. has proved good. The condensate 
from the second still is used for scrubbing a fraction or the 
whole of the crude coal gas, preferably before this arrives at 
the ordinary ammonia washers. There is thus obtained a liquor 
in which the molecular ratio of ammonia to carbon dioxide is 
approximately again 2:1; it is worked up in a manner similar 
to that just described, preferably by return to the first still 
directly or in admixture with a further quantity of original 
ammoniacal liquor. In this manner the process may become 
continuous. It is not essential that the system should include 
a second distillation ; the effluent from the still here described 
as the first still may pass directly after cooling to the scrubber 
for further absorption of carbon dioxide.—October 26th, 1936. 








Forthcoming Engagements. 





Secretaries of Institutions, Societies, &c., desirous of having 
notices of meetings inserted in this col » are requested to note 
that, in order to make sure of its insertion, the necessary information 
should reach this office on, or before, the morning of the Monday 
of the week preceding the ting In all cases the TIME and 
PLACE at which the meeting is to be held should be clearly stated. 














To-Day. 

Inst. OF MECHANICAL ENGINEERS.—Storey’s-gate, S.W.1. 
‘Recent Developments in Hydro-electric Engineering, with 
Special Reference to British Practice,’’ P. W.Seewer. 6 p.m. 

Juntor Inst. oF ENGINEERS.—39, Victoria-street, S.W.1. 
Discussion on ‘‘ Economics in Relation to Engineering.” 
7.30 p.m. 

Nortu-East Coast Inst. oF ENGINEERS AND SHIPBUILDERS. 
—Mining Inst., Newcastle-on-Tyne. ‘‘ Relationship Between 
Mechanical Tests of Materials and their Suitability for Specific 
Working Conditions,” N. P. Inglis. 6 p.m. 

Saturpay, Dec. 197TH. 
_ Inst. or Evecrricat ENGINEERS: Lonpon StTvupeEnts' 
Srection.—Visit to the British Thomson-Houston Company, 
Ltd., Willesden. 3 p.m. 

Inst. or Metats: Norru-East Coast Locat Sxection.— 
Joint meeting with the Newcastle Branch of the Inst. of British 
Foundrymen. Electrical Engineering Lecture Theatre, Arm- 
strong College, Newcastle-upon-Tyne. ‘* Recent Improvements 
in Refractory Materials,” P. B. Robinson. 7.30 p.m. 

MANCHESTER Assoc. OF ENGINEERS.—College of Technology, 
Sackville-street, Manchester. Conversazione and dance. 
6.45 p.m. 

TuEspay, Dec. 22ND. 

Inst. or AUTOMOBILE ENGINEERS.—James Watt Memorial 
Inst., Great Charles-street, Birmingham. ‘‘ Processes in Oil 
Engine Injection Systems with Spring-loaded Nozzle Valves," 
Dr. S. J. Davies. 7.30 p.m. 

1937. 
Monpay, JAN. 4TH. 

Soc. or CuEmicaL INpDustRY.—Burlington House, Piccadilly, 

W.1. ‘ The Zinc Industry,” 8. Robson. 8 p.m. 
WEDNESDAY, JAN. 6TH. 

Inst. oF HEATING AND VENTILATING ENGINEERS.—Inst. of 
Mechanical Engineers, Storey’s-gate, S.W.1. Discussion on 
“‘ Effects of Water Vapour Content in the Atmosphere of 
Interest to Heating and Ventilating Engineers.” 

Soc. or Grass TecHNOLOGy.—Trocadero Restaurant. Annual 
dinner and dance. 7.15 p.m. 

THURSDAY, JAN. 7TH. 

Inst. oF ExvectricaL Encingers.—Savoy-place, Victoria 

Embankment, W.C.2. ‘ Lightning,” B. L. Goodlet. 6 p.m. 
Fripay, JAN. 8TH. 

Inst. or SANITARY ENGINEERS.—Caxton Hall, 8.W.1. ‘‘ The 
Disintegration of Solid Matters in Sewage,’’ H. R. Lupton. 
6 p.m. 

Royat AERonavutTicaL Soc.—Royal Soc. of Arts, 18, John- 
street, W.C.2. ‘‘ High-duty Aero-engines and Fuels,” F. R. 
Banks. 6.30 p.m. 

Monpay, JAN. 11TH. 

Inst. oF Crvit ENGINEERS: NORTHERN IRELAND Assoc.— 
Queen’s University, Belfast. ‘‘The Numerical Solution of 
Formule by Graphical and Mechanical Methods,” Prof. F. H. 
Hummel. 6.30 p.m. 

Inst. or TRansPortT.—Inst. of Electrical Engineers, Savoy- 
place, Victoria Embankment, W.C.2. ‘‘ Some Considerations 
of Problems Affecting Port Management,” Sir Lionel A. P. 
Warner. 5.30 p.m. 

TuEspay, Jan. 12rH. 

Inst. OF ENGINEERS AND SHIPBUILDERS IN SCOTLAND.—39, 
Elmbank-crescent, Glasgow. ‘‘ The Training of Welders,” J. Orr 
and W. Heigh. 7.30 p.m. 

Inst. oF MakineE Enoinerers.—85, The Minories, E.C.3. 
“‘ Engines Aft versus Amidships,” J. L. Scott. 6 p.m. 

WEDNESDAY, JAN. 13TH. 

BritisH Horotoeicat Inst.—33, Northampton-square, E.C.1. 
“Time Switches,” E. E. Sharp. 7 p.m. 

Inst. OF ENGINEERS-IN-CHARGE.—St. Bride Inst., Bride-lane, 
E.C.4. “Power Transmission by Rope, Belt, Chain, and 
Gearing,” E. L. Parry. 7.30 p.m. 

Inst. oF WELDING.—-Inst. of Mechanical Engineers, Storey’s- 
gate, S.W.1. ‘‘ Welding Non-ferrous Metals: Some Problems,” 
H. W. G. Hignett. 6.30 p.m. 





Tuurspay, JAN. 14ru. 

Inst. or Civit. ENGINEERS: BIRMINGHAM District Associa- 
TION.—James Watt Memorial Inst., York House, Great George- 
street, Birmingham, 3. ‘ Engineering Experience in India,” 
F. W. Ireland. 6 p.m. 

Rattway Cius.—Royal Scottish Corporation Hall, Fetter- 
lane, E.C.4. ‘‘ The Ironbridge Alterations,” L. T. Catchpool. 
7.30 p.m. 

Roya AERONAUTICAL Soc.—Royal Soc. of Arts, 18, John- 
street, W.C.2. ‘* Magnesium Alloys,”’ Dr. C, H. Desch. 6.30 p.m. 
Fripay, Jan. 15TH. 

Inst. or Civit ENGINEERS: YORKSHIRE Assoc.—Grand 
Hotel, Sheftield. Annual dinner. 6.30 p.m. 

WEDNESDAY, JAN. 207TH. 

Inst. or CHEMICAL ENGINEERS.—Chemical Soc., Burlington 
House, Piccadilly, W.1. ‘“Superphosphate Manufacture,” 
W.G.T. Packard. 6 p.m. 

Monbay, JAN 251TH. 

Inst. oF Crvit ENGINEERS: NORTHERN IRELAND Assoc.— 
Queen’s University, Belfast. ‘‘ Main Sewer Outfall and Pumping 
Station for Lecky-road District, Londonderry,” G. F. Houston. 
6.30 p.m. 

Turespay, JAN. 267H. 

Inst. OF ENGINEERS AND SHIPBUILDERS IN ScoTLAND.—39, 
Elmbank-crescent, Glasgow. ‘‘ The Application of Cast Iron to 
Engineering,’’ A. Campion. 7.30 p.m. 

WEDNESDAY, JAN. 277TH. 

Inst. or FueL,—British Industries House, Marble Arch, W.1. 

“The Combustion of Carbon,”’ Prof. H. L. Riley. 7 p.m. 








PERSONAL AND_ BUSINESS ANNOUNCEMENTS. 





ARNHOLD AND Co., Ltd., have removed from 140, Bishops- 
gate, to 10, South-street, London, E.C.2. 

Cox anp Danks, Ltd., have removed their offices from 
168, Regent-street, W.1, to ‘‘ Scapa House,” Park Royal-road, 
Acton, London, N.W.10. 

Tue Burrertey Company, Ltd., is changing the address of 
its London office to Provincial House, 100, Cannon-street, 
London, E.C.4. 

Davey, PaAXMAN AND Co. (Colchester), Ltd., announce that 
Sir Bernard E. Greenwell, Bart., and Mr. A. W. Bolden have 
joined the board of directors in place of Messrs. F. Jarrett and 
J.D. Dean resigned. 

GrorcE GREEN Ltd., manufacturing electrical engineers, 
has closed down its London works and removed the whole 
of its activities to the ‘ Gee-Gee” Works, 18, Camden- 
street, Birmingham, 1. 

Tue IncineRaTOR Company, Ltd., informs us that as the 
buildings in which its present offices are situated will be 
demolished, it is moving to 22, Buckingham-gate, London, 
8.W.1, immediately after Christmas. 

Tue REINFORCEMENT Constructions Company, of London, 
is changing its name to the Liversedge Reinforced Concrete 
Engineering Company, Ltd., of ‘‘ The Field ” House, Bream’s- 
buildings, Chancery-lane, London, E.C.4. 

Proressor J. Huspanp, M. Inst. C.E., Vice-President, Insti- 
tution of Structural Engineers, has retired from the Chair of 
Civil Engineering at Sheffield University, and has removed to 
offices at 388, Glossop-road, Sheffield, 10, where he will con- 
tinue in practice as a consulting engineer in partnership with 
Mr. H. C. Husband, B.Eng., Assoc. M. Inst. C.E., and Mr. A. H. 
Clark, B.Eng., Assoc. M. Inst. C.E., under the title of Husband 
and Clark. 

Mr. Bruce GarpNER, M.I. Mech. E., has consented to remain 
Chairman of the London Iron and Steel Exchange for the ensuing 
year. Mr. Gardner was elected to the Chairmanship of the 
Exchange at the end of 1935 in succession to the Rt. Hon. 
Lord Greenwood, P.C. He is managing director of Securities 
Management Trust, Ltd., a director of the Bankers’ Industrial 
Development Co., Ltd., and of Credit for Industry Ltd., and is 
also chairman of Sir W. G. Armstrong-Whitworth and Co. 
(Engineers), Ltd. 








LAUNCHES AND TRIAL TRIPS. 


BULLFINCH, motorship ; built by Caledon Shipbuilding and 
Engineering Company, Ltd., to the order of General Steam 
Navigation Company, Ltd.; dimensions, length 170ft., breadth 
31ft., depth 11ft., gross tonnage 432. Engines, six-cylinder, 
two-stroke, 420 B.H.P.; trial trip, December 3rd. 








CATALOGUES. 


AVELING-BARFoRD, Ltd., Grantham.—A catalogue of steam, 
coal, gas, and electrical cooking equipment. 

GREENWOOD AND Bat ey, Ltd., Albion Works, Leeds.— 
Brochure on ‘‘ Greenbat ”’ electric mine locomotives. 

British InsutaTeD CaBLEs, Ltd., Prescot, Lancs.—Pub- 
lication N.C. 3 K. on condensers for the improvement of power 
factor. 

Murex Wetpinc Processes, Ltd., Ferry Lane Works, 
Forest-road, E.17.—A booklet on the “‘ Study of Welds and Weld 
Metal.” 

James Henpry, Ltd., 252, Main-street, Bridgeton, Glasgow.— 
A brochure illustrating and describing the firm’s belt drives 
as applied to mine workings in South Africa. 

J. H. Hotmes anv Co., Ltd., Hebburn-on-Tyne.—Six 

amphlets describing electrical equipment for printing presses. 
Panahie No. 776, on heavy-current low-voltage generators. 








ENGINEERING TRADESMEN.—The War Office will issue on 
January Ist, 1937, a new scheme for obtaining engineering, 
tradesmen recruits for the Army. The co-operation of the 
Director of Ordnance Factories, the railway companies, and 
many of the first-class engineering firms has been obtained. 
The Minister of Imperial Defence also concurs. The scheme is 
only for men between 21 and 25 years of age who have served 
an apprenticeship. A recruit can retain his membership of a 
trades union while in the Army, and if not a member he can join 
whilst serving. Full details will be given in the New Year. 


British OxyGen Company’s Starr Dinner.—On Friday, 
December 11th, the annual dinner of the London staff of the 
British Oxygen Company, Ltd., was held at Grosvenor House, 
Park-lane. Over 500 members of the staff and their guests 
attended, and were presided over by Dr. J. Donald Pollock, the 
chairman of the company. The chairman proposed the toast 
of “‘ The Guests and Staff,” and his speech was responded to by 
Mr. A. Bede Harrower, head of the publicity department. 
Sir Walter St. David Jenkins replied on behalf of the guests. 
The speeches were brief and after the dinner a dance was held, 
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Shipyard Wages. 


At a joint conference between the Shipyard 
Employers’ Federation and the Confederation of 
Shipbuilding Unions, which took place in London 
on Friday, December 18th, the application for an 
increase in wages, On account of the improvement in 
the industry, was considered, and it was decided to 
set up a joint negotiating committee, which is to 
meet on Friday, January 15th. In presenting the 
ease for the men, Mr. W. Westwood, the Chairman 
of the Confederation, said that since the last wage 
negotiations were begun a year ago, with the result 
that an increase of 2s. per week was granted, the 
tonnage figures of construction had increased by 
100 per cent., and the improvement was spread over 
all the shipbuilding districts. Admiralty work was 
much greater, and was likely to be further increased. 
Mr. F. C. Rebbeck, the President of the Shipbuilding 
Employers’ Federation, in his reply, agreed that 
there had been improvement. He pointed out, how- 
ever, that there was no guarantee that the improve- 
ment on the merchant shipping side of the industry 
would be continued indefinitely, and said that the 
industry had not reached the stage of making large 
profits. At the same time, he said, the employers 
recognised that a real measure of improvement had 
taken place, and they were prepared to accept the 
principle of a further wage advance. The formal 
application presented by the unions was for an 
advance of 6s. a week of 47 hours, with an equivalent 
advance to pieceworkers (24 per cent. for every 
shilling) ; the consolidation of the timeworkers’ war 
bonus with their ordinary rates; the repair work 
rate of 6d. a day or 3s. a week to be paid to the work- 
men in Scotland ; and the levelling up of the national 
uniform time rates by the abolition of the district 
differentials, namely, for Aberdeen 2s., Dundee Is., 
Isle of Wight 1s., North-West England ls. 


Long-Term Coal Contracts. 


A RECENT dispute between the National Oil 
Refinery in South Wales, a subsidiary of the Anglo- 
Iranian Oil Company, Ltd., and the Central Council 
of Colliery Owners was referred to at the meeting on 
Monday last, December 21st, of Low Temperature 
Carbonisation, Ltd., by the chairman, Colonel W. A. 
Bristow. He explained that the refinery had 
proposed to utilise coal instead of oil to fire a 
new distillation plant, with an additional expendi- 
ture of about £24,000 for coal-burning equipment. 
A request for a long-term contract for the supply 
of coal had been refused by the Central Council, 
as being against the declared policy made at the 
time of the wages dispute in the early part of the 
year. The matter was referred to a tribunal as set 
up by the Act and Colonel Bristow was asked to give 
evidence both as chairman of Low Temperature 
Carbonisation, Ltd., and as President of the British 
Association of Low Temperature Coal Distillers. He 
pointed out that his company could not erect a plant 
costing about £300,000 at any pit without a long-term 
contract to ensure the regular supply of coal from 
that pit. Both at Askern and Bolsover such con- 
tracts existed. The refineries manager also expressed 
the same view. The tribunal, however, decided in 
favour of the Central Council. It was later announced 
on behalf of Low Temperature Carbonisation, Ltd., 
that a telegram to the Prime Minister had been sent 
by Colonel Bristow with a view to instituting a publie 
inquiry into the questions involved. The Central 
Council of Colliery Owners has expressed the view 
that its duty of securing an economic price for coal 
could not be carried out in the face of long-term con- 
tracts; that that duty had been carried out on 
behalf not only of the Government, but also of the 
mine workers, and that Colonel Bristow had failed 
to establish his case before the arbitrators. 


Non-Skid Road Surfaces. 


ON Monday last, December 21st, the first of a series 
of studies of road friction was published by the 
Department of Scientific and Industrial Research, 
jointly with the Ministry of Transport, entitled 
“Road Research Technical Paper, No. 1—Studies 
in Road Friction: I, Road Surface Resistance to 
Skidding ” (published by H.M. Stationery Office, 
ls. 6d. net). The paper summarises the results of a 
large number of measurements on roads of various 
types made under varying climatic conditions and at 
different speeds, together with certain deductions 
and conclusions derived therefrom. At the same time 
another publication ‘‘ Road Research Bulletin : 
No. 1, Measurement of the Non-skid Properties of 
Road Surfaces ’’ (H.M. Stationery Office, 9d. net), 
was issued. In it is described the construction and 
operation of the motor cycle and sidecar used for test 
purposes, together with the measuring apparatus 
employed. The machine consists of an ordinary 
powerful combination on which the sidecar wheel can 
be set at an angle to the direction of travel in a special 


framework, in the manner of the front wheel of a} programme. 
motor car when steering. The sideways force exerted | the Special Areas, Sir Samuel said that he had indi- 


these forces is expressed as a coefficient which is 


Director of Road Research, the machine has been in 
use for a number of years, and has been developed to 
a stage at which it could be employed by any engi- 
neer to measure the condition of road surfaces for 
which he is responsible. It is estimated that the 
outfit should cost about £475. Results of various 
tests given in the paper are of great interest and 
importance. It is now proposed to improve the 
apparatus, with a view to carrying out tests at speeds 
in excess of its present maximum of 30 miles per hour. 


Lord Nuffield’s Gift. 


On Tuesday, December 22nd, it was announced 
that Lord Nuffield had decided to give £2,000,000 
for the assistance of the Special Areas. His desire, he 
stated, was to give practical shape to the current 
expressions of goodwill towards the new King and 
to support the National Government, and particularly 
the Prime Minister. The sum named above is to be 
placed at the disposal of three trustees for the benefit 
of the areas. The trustees chosen are Mr. Nigel L. 
Campbell, managing director of Helbert, Wagg and 
Co., Ltd., and director of many industrial concerns ; 
Lord Portal, the Chairman of the Special Areas 
Reconstruction Association and the managing director 
of Portals, Ltd.; and Mr. B. Seebohm Rowntree, 
the chairman of Rowntree and Co., Ltd., a leading 
authority on social questions. The trustees will have 
full discretion to use the capital of the trust for the 
initiation and support of measures to give employ- 
ment and to promote social betterment in the areas. 
While expressing appreciation for what the Govern- 
ment is doing and has already done in the areas, Lord 
Nuffield feels that there is still room for a trust, the 
scope of the activities of which will not be subject 
to those limitations necessarily involved in the expen- 
diture of public money authorised by Parliament. 
As soon as possible, the trustees will appoint a 
secretary and a manager and open an office to deal 
with all matters concerning the trust. In the mean- 
time, Lord Nuffield is particularly anxious to make it 
clear that neither the trustees nor himself is in a 
position to deal with any communications on the 
subject. It is understood that a preliminary meeting 
of the trustees took place before Christmas. 


Glasgow’s Coke Oven Gas Scheme. 


On Monday, December 2lst, the reports of the 
Departmental Committee appointed by the President 
of the Board of Trade in October, 1935, under the 
chairmanship of Sir Alexander Walker, to consider 
the possibility of co-ordinating the manufacture and 
distribution of gas in the West of Scotland, were 
published. The Committee has reviewed the position 
of the iron and steel industries in the West of Scot- 
land, and it states that the prosperity of that area 
depends very largely upon the continued activity of 
those industries. The only way in which Scotland 
can continue to hold its position in the pig iron 
market, it says, is by the complete modernisation of 
the coke ovens and ironworks, by the installation of 
the most up-to-date by-product recovery ovens, and 
the selling of the large quantities of coke oven gas 
thus made available. The principal recommendation 
of the Committee is that Glasgow Corporation should 
enter into negotiations to purchase the whole of this 
quantity, less the quantities to be purchased by the 
Coatbridge Gas Company and the Airdrie Town 
Council. Other recommendations include the forma- 
tion of an ‘‘ Industrial Gas Centre,” supported by the 
gas undertakings in the West of Scotland, and a joint 
committee to regulate the sale of coke. Mr. Dollan, 
in a minority report, recommends that legislation 
should be passed to establish a gas grid scheme under 
public ownership for the West of Scotland. 


did spread orders as far as it could. The Admiralty 
was, however, he pointed out, bound by certain 
limitations. On Wednesday, December 23rd, it 
was announced that, subject to the settlement of 
certain details, the Admiralty has decided to entrust 
the construction of the tender to ‘*‘ Vernon ”’ (H.M.S. 
“Linnet ’’) of the 1936 programme to Ardrossan 
Dockyard, Ltd., Ardrossan. The machinery will be 
constructed by Ferguson Brothers, Port-Glasgow. 


The Late Mr. Ian S. Osborn. 


It is with deep regret that we have to report the 
death of Mr. Ian Samuel Osborn, of Oakshaw, 
Endclifie Hall-avenue, Sheffield, which took place, 
after a brief illness, on Saturday, December 19th. 
Mr. Osborn was a member of the Sheffield steel manu- 
facturing family of Osborn, and, although only thirty- 
six years of age, he was prominently associated with 
trade and was widely interested in many other 
activities. He was the eldest son of Mr. Fred M. 
Osborn, of Samuel Osborn and Co., Ltd., Clyde Steel 
Works, and was a grandson of the founder of the firm, 
the late Mr. Samuel Osborn. He received his educa- 
tion at St. Anselm’s, Bakewell, the Leys School, 
Cambridge, and Christ’s College, Cambridge, where he 
took an honours degree in engineering. After leaving 
the university he became an engineering pupil with 
Davy Bros., Ltd., Sheffield, where he gained expe- 
rience in the practical side of engineering work. 
Subsequently he joined his father’s firm, of which he 
became a director in 1927. He was associated particu- 
larly with the steel foundry and acted as personal 
assistant to Mr. Samuel Osborn, the chairman of the 
company. He was a member of the Iron and Stee! 
Institute and the Institute of British Foundrymen. 
His death will be keenly felt throughout the steel trade. 


Casualties to Shipping. 


ACCORDING to a return of casualties to, and deaths 
in, ships registered in the United Kingdom during the 
year ended December 31st, 1935, with comparative 
figures for previous years, which has just been issued 
by the Stationery Office, it is computed that total 
losses among steam and motor vessels in 1935 
numbered fifty-one, as compared with fifty-four in 
1934 and forty-one in 1933. The gross tonnage lost 
was 0-38 per cent. in 1935, 0-45 per cent. in 1934, and 
0-34 per cent. in 1933 of the tonnage owned. Strand- 
ings were, as before, the principal cause of disaster, 
and the number of steam and motor vessels so lost 
in 1935 was twenty-four. If 1931 and 1933 be 
excluded, then this was the lowest number of strand- 
ings reported in any year of the post-war period, the 
annual average for which is thirty. Attention is 
called in the return to the age of the ships lost. For 
sailing vessels lost during 1935, ten of the twelve were 
over twenty-five years old, while for motor ships and 
steamships lost during the years 1933 to 1935, 
65-1 per cent. were more than twenty years old. 
The serious casualties among steam and motor vessels 
during 1935 number 178, which is the highest recorded 
during the past five years and is higher than the post- 


war average of 173. It is sixty-one more than in 1934 


and fifty-one more than in 1933. The number of 
minor casualties among steam and n:otor vessels 


increased from 1515 in 1933 to 1584 in 1934, and 
reached 1698 during 1935. It was then, however, 
still below the annual average for the past ten years. 
That, it is explained, may be possibly to some extent 
due to an improvement in the system of reporting. 
The number of deaths among seamen which were 
caused by casualties to vessels increased from ninety- 
four in 1933 to 114 in 1934 and to 129 in 1935. Last 
year’s figure, it is pointed out, is only three-quarters 
of the annual average during the post-war period.} 


Thames-side Industries. 
THE newly formed Thames-side Industrial Beard 


New Warships and Machinery for 


SPEAKING in the House of Commons on Wednesday, 
December 16th, Sir Samuel Hoare, First Lord of the 
Admiralty, stated that orders were about to be placed 
for new machinery for the battleships H.M.S. ‘‘ Queen 
Elizabeth ” and H.M.S. “‘ Valiant.” 
given to the Fairfield Shipbuilding and Engineering 
Company, Ltd., of Govan, Glasgow, and the Parsons 
Marine Steam Turbine Company, Ltd., of Wallsend- 
on-Tyne, respectively. As to the tenders for the new 
capital ships, Sir Samuel Hoare informed the House 
that he proposed shortly to issue to firms invitations 
to tender for the construction of the capital ships 
which were to be laid down in 1937. That preliminary 
was necessary, he said, in view of the length of time 
which would be required for the preparation of the 
tenders, and their examination by the Admiralty 
when they were received. While this preliminary 
action was called for in order to avoid any delay at a 
subsequent stage, no tender would be accepted 
finally before the relevant 1937 Estimates had 
received parliamentary approval. 
there was no question of anticipating the decision of 
Parliament in relation to the 1937 naval construction 
As to the question of placing orders in 


They would be 


That being so, 


has received warm support from the County Councils 
of Essex and Kent, the Southend County Borough 
Council, the Barking Borough Council, and other 
local authorities, and a president and other officers 
are to be elected early in the New Year. ‘The Board 
has been brought into being to encourage new indus- 
tries in the Thames area, to entrench and extend the 
operation of existing industry, and to safeyuard its 
interests. It holds that the location of industry is 
not a matter for arbitrary settlement by the Govern- 
ment and that every business man, after weighing up 
all the facts concerning any particular site, should be 
free to place his works or factory in an area which 
will bring him a reasonable return for his outlay. 
London and the South, it holds, have their own 
problems of social, industrial, and transport develop- 
ment, and to stop any industrial development in any 
of these places for which it is eminently suitable is 
not to solve the problems of the North, but to increase 
the difficulties of both regions.“ One of its first objects 
will be to watch with particular care the position of 
industrial development in London and the South, 
particularly any proposals to divert industry from 
the South or to create a preference at its expense in 
favour of the North. The Board feels that a solution 
of the industrial problem does not lie in the diversion 
of industry from one district to another, but in a 
proper planning. In its opinion all the avenues for 
industrial development in the whole of the country 
have not yet been explored, nor has the fullest 
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The San Gabriel 


Rock Fill Dam. 


—————<@—____ 


N the San Gabriel Canyon, 30 miles north-east of 
Los Angeles, California, work is now in progress 
on what is claimed to' be the world’s largest rock fill 
flood control dam, necessitating the blasting, quarry- 
ing, removing, and placing of 10,478,000 cubic yards 
of material. Disastrous floods in the past have caused 
great damage to property in the valleys below the 
dam site, and the construction of the dam is expected 
completely to remove similar dangers which have not 
infrequently isolated portions of Los Angeles County 
and taken a heavy toll of human life. 
The dam is being built by the Los Angeles County 





specific quality and size of rock fill. During con- 
struction the water flowing down the canyon is being 
carried through a diversion tunnel, concrete lined, 
30ft. in diameter and 1850ft. long, having a capacity 
of 35,000 cusecs which is sufficient to accommodate 
the heaviest anticipated floods. The outlet works 
consist of a large trash rack at the entrance to the 
diversion tunnel, a concrete plug about 350ft. down- 
stream from the tunnel portal, a butterfly valve 
control installed in the plug for two penstocks, Llit. 
in diameter, and one 8ft. diameter, and one 4ft. 
diameter penstock controlled by needle valves at the 





MASE AA A IO 
as sie, ss 





Teg Fabs gEEM 


UNLOADING TRUCK LOAD ON DAM 


Flood Control District at a cost estimated at about 
£2,400,000. A masonry dam was begun in the canyon 
near the site, but work on it was abandoned when it 
was found that the nature of the rock in the vicinity 
would not support a dam of the intended proportions. 
The rock fill dam now being constructed is expected 
to fulfil all expectations at about one-half the esti- 
mated cost of a masonry structure. The dam consists 
of a rock fill having a base measuring about 1950ft. 














TRUCK DUMPING MECHANISM 


from the upstream to the downstream toe and a 
height above bedrock averaging 375ft. The bank-to- 
bank width varies in accordance with the contours 
of the canyon walls. The length of the crest line is 
1540ft. and is approximately the maximum width of 
the structure. The design provides for a theoretical 
benched slope of 3 to 1, and takes into consideration 
the possibility of the occurrence of earthquakes. 
The dam is divided into six zones, each demanding a 





downstream end. The discharge capacity of the pen- 
stock with water at the spillway is 15,000 cusecs. 
The spillway on the west side of the canyon will cut 
through rock, and is designed to handle 80,000 cusecs 
with a residual freeboard of 15ft. The storage 
capacity of the dam at the spillway level is 60,000 
acre-feet, and at the crest 70,000 acre-feet. 

All the fill material with the exception of approxi- 
mately 1,000,000 cubic yards of special sandy clay, 
obtained a mile above the dam site, is quarried from 
a ridge of rock 700ft. high, lying adjacent to the lower 
toe of the dam on the east bank of the canyon. The 


C.L. of Crest 
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quarrying is done by means of power shovels after 
explosives have broken and loosened the material. 
The quarry is “shot”? down in a series of steps, largely 
with the use of black powder and dynamite. In 
general the benches are drilled to a depth of 50it. for 
the shot. The 700ft. high face of the quarry will 
be carried back 700ft. into the mountain side by the 
time the dam is completed. The quarry is 1000ft. 
long at its base. Very little secondary blasting has 
so far been required, the stone breaking into sizes 
requisite for the dam. 

Nearly all the material which does not require 
screening is loaded directly by the electric shovels 
into 20 and 25 cubic yards capacity dump trucks. 
The shovels are of the full revolving type and are 
mounted on caterpillars and equipped with 4-yard 
buckets. The great mobility of these shovels enables 
them to load the motor trucks in a minimum of time. 
In addition to the two electric shovels, there are three 
24-yard _oil-engined machines and one 14-yard petrol- 
engined shovel, which work at points where electric 
power is difficult to obtain. Two grizzlies are installed 
at the main quarry. The first grizzly is used to 
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PLAN OF DAM 


separate the minus 6in. by 9in. material which passes 
through it on to a belt conveyor. From this belt 
the material is loaded into dump trucks and trans- 
ported to No. 3 zone. This grizzly has a capacity of 
400 cubic yards of rock an hour. The second grizzly 
is capable of dealing with 1500 cubic yards of material 
hourly. It requires only twenty seconds to load a 
25-ton cubic yard truck at the bins. 

The truck fleet consists of thirty vehicles, of which 
ten are of 25 cubic yards capacity, the remainder each 
holding 20 cubic yards. The bodies are of steel with 
reinforcing lining strips on the floors, which are 
removed and replaced when they begin to show 
excessive wear. The 25 cubic yard trucks have double 
axles and are equipped on all ten wheels with pneu- 
matie tires. It was found that the loads which these 
trucks carry tended to lift the cab end off the ground 
while dumping. To overcome this difficulty a dump- 





ing mechanism was designed consisting of two steel 
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LONGITUDINAL AND CROSS-SECTIONS OF DAM 


quarry is only a few hundred yards from the dam and 
the transportation is mostly downhill. The con- 
struction of the dam is being effected with the aid of 
special trucks of 25 cubic yards capacity, which are 
believed to be the largest ever built for construction 
work. These trucks pick up the quarried material 
from two electric shovels and from grizzlies and haul 
it to the assigned zone in the canyon bed and dump it. 
No little part of the remarkable speed with which the 





construction of the dam is progressing is attributed 
to the efficient operation of the shovels. Most of the 


rollers attached, as shown in one of the accompanying 
engravings, to the rear under portion of the truck 
bodies by means of a hydraulic jack. The device is 
partially retractable and can be stowed sufficiently 
out of the way when the truck is travelling to avoid 
road risks. When unloading, the rollers are placed 
upon the ground and the load gradually dumped by 
lowering the hydraulic jack. 

The methods employed to compact the fill consist 
of rolling, tamping, and hydraulic jetting. Every 
cubic yard of material transported and placed in 
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Zones 1, 4, 5, and 6 has 2 cubic yards of water poured 
upon it. In Zones 2 and 3 about 12 per cent. of water, 
relatively to the dry weight of the fill material, is 
applied. On this basis the total of about 4,252,000,000 
gallons of water will be played upon the dam through 
hydraulic nozzles and by means of motor wagon 
sprinklers before the structure is finished. The 
water used is pumped up to a steel reservoir tank with 
a capacity of 14 million gallons, situated about 400ft. 
above the river bed on the east bank of the canyon. 
The hydraulic nozzles have a diameter of l}in. and 
the nozzle pressure averages 125 lb. per square inch. 
The water is pumped from a deep hole below the down- 
stream toe of the dam by two electric centrifugal 
pumps, each capable of lifting 2250 gallons a minute 
against a 600ft. head. The pumps are housed in a 
shelter built out into a supply lake. 

The chief means employed for tamping consist of 
dual rollers designed particularly for the work by 
engineers of the Los Angeles County Flood Control 
District. Each tamping roller consists of two drums 
5ft. in diameter and 5ft. long, each mounted in roller 
bearings in a tilting frame, and both frames mounted 
ina rigid main frame. With this tilting flexibility 
the rollers maintain uniform contact with the 
irregular surface. The two-drum unit weighs nearly 
15 tons, and the weight can be increased by lead 
blocks or by filling the drums with water or wet sand, 
giving a weight of 3500 to 4500 Ib. per lineal foot of 
roller. With two units in tandem, weighing together 
about 45 tons, a tractor with 100 H.P. oil engine 
pulls them at 14 to 2} miles per hour. The rollers 
are hauled by tractors and compact the original 
Yin. layers of freshly placed fill to 6in. in thickness. 
Hand tampers, power operated, are used for 
some parts of the work. These tampers are similar 
in construction to air-operated machines, with the 
exception that a single cylinder petrol engine 
is used, the electrical energy for firing being obtained 
from a central portable battery system connected to 


each machine by flexible wires, At some less accessible 
points of the work, as, for instance, near the canyon 
walls, tamping is done with a crane and a fiat- 
bottomed metal bucket filled with rocks or scrap 
metal. 

About 700 men are now employed on the project. 
A complete machine shop and garage has been erected 
on a part of the fill near the downstream toe of the 
dam. The garage has oiling and steam cleaning 
equipment and a press for the removal of the solid 
rubber tires which are used on some of the trucks. 
The oil in the trucks is changed every 150 hours to 
ensure perfect lubrication, a practice which is con- 
sidered by the engineers of the contracting firm to be 
the key to longevity in trucks. Operations are carried 
on well into the night, illumination being obtained 
from batteries of electric lamps. Originally work 
was started on the dam in February, 1933. It was 
stopped in the autumn of 1934 in favour of a new 
design that would permit a more complete utilisation 
of the fill material in the vicinity, a very large part 
of which, under the original plans and specifications, 
was being dumped as waste, slowing down con- 
struction and adding to the cost of the job. Of the 
first 520,000 cubic yards of rock placed in the dam 
structure, three times as much was discarded as 
waste. The new design differs in principle from the 
original in that it does not limit the material used for 
the fill except in a quantitative way, and in a limited 
portion of the dam. The economy effected in the use 
of the quarry material under the new design is a 
source of much satisfaction both to the Flood Control 
District and to the construction company. Whereas 
under the old specifications it was necessary to waste 
nearly 3 cubic yards of material for every one used, 
at the time the writer visited the project more than a 
million eubie yards of rock fill had been placed with- 
out a single yard being wasted. Two views of the site 
showing the progress of the work are reproduced on 
page 686. 











Heat Loss in High-Speed I.C. Engines. 


By Professor W. T. DAVID. 


HE defect of the actual indicated thermal effi- 
‘ ciency of an internal combustion engine below 
that of the ideal calculated efficiency is to be accounted 
for by factors which for the purpose of this article 
may be divided into two groups, viz.: 


(i) Early ignition, early release, incomplete com- 
bination, and flame gas latent energy ; and 

(ii) Heat loss during the explosion - expansion 
stroke. 

The loss of efficiency as a result of the factors in 
the first of these groups may be put as a minimum at 
1 per cent. of the heat of combustion of the fuel 
charge,! when the engine is running on gaseous fuels, 
and probably considerably more, say 1-5 per cent., 
when running on liquid fuels on account of greater 
incomplete combination resulting from lack of homo- 
geneity of the vapour-air mixture. 


(iv) That heat losses during the explosion-expan- 
sion stroke are much over-estimated. 

Each of these possible explanations will be dis- 
cussed in turn. 

In regard to the first, viz., that the ideal calculated 
efficiencies are too low, it should be said that the 
calculations are based upon the quantum specific 
heats derived from spectroscopic data. The specific 
heat values were calculated by Johnston and Davies,* 
Johnston and Walker,’ Kassel,* and Gordon.? They 
are slightly greater than the values given in a pre- 
vious article,’ which we have proved by means of 
explosion experiments to be substantially accurate 
for all gases constituting the working fluid of internal 
combustion engines up to at least 2500 deg. Cent., 
with the possible, or perhaps probable, exception of 
those for water vapour above 2000 deg. Cent. Experi- 
ments are now being undertaken with the object of 





In regard to the second and confining the attention 
to a high-speed petrol engine of compression ratio 
5: 1 and cylinder bore 4- 5in., running at 1500 r.p.m., 
the heat loss during explosion-expansion according 
to Mr. H. R. Ricardo? is 6 per cent. during explo- 
sion and 6 per cent. during expansion. Dr. D. R. 
Pye® suggests that the loss amounts to 5 per cent. 
during explosion and 10 per cent. during expansion. 
Heat losses of this order can easily be shown to result 
in a loss in engine efficiency of approximately 4 per 
cent. This estimate is made upon the assumption 
that could the heat losses be suppressed the explo- 
sion loss would be converted into work at an expan- 
sion efficiency of 40 per cent. and the expansion loss 
at an average efficiency of 25 per cent. 

ing that heat losses of the order indicated 
above actually take place in the engine, the actual 
indicated thermal efficiency should fall at least 5 per 
cent. below the ideal calculated efficiency for gaseous 
fuels and 5-5 per cent. for liquid fuels. Large numbers 
of ideal efficiencies have been calculated and com- 
pared with the test results of various observers. 
Those shown in Table I are representative. 

It will be seen that the defect of the measured 
efficiencies below the calculated efficiencies is far 
less than 5 per cent. (gaseous fuels) and 5-5 per cent. 
(liquid fuels). It would appear that four possible 
explanations may be suggested to account for this, 
viz.:— 

(i) That the ideal calculated efficiencies are too 
low ; 

(ii) That the measured efficiencies over-estimate 
the real performance within the cylinder of the 
engine ; 

(iii) That the theory of the high-speed engine 
requires some modification or extension ; and 





1 All arrays given in this paper are referred to the heat 
of combustion of the fuel. 
* “Engines of High Output ” (Macdonald and Evans, 1926), 
49 


3 “The Internal Combustion Engine” (Clarendon Press, 


finding out whether the water vapour values above 
2000 deg. Cent. require amendment. Meanwhile, it 
is thought that no very serious error will be made if 
they are assumed to be reasonably accurate up to 
2250 deg. Cent. 


be too high, it is to be remembered that the method of 
measuring the indicated thermal efficiency involves 
the finding of the brake horse-power and the motoring 
of the engine immediately after the test in order to 
estimate the losses due to friction, &c. Much of the 
frictional loss results from piston friction, and it must 
be admitted that it has never been proved that the 
viscosity of the lubricating oil during the motoring 
tests is the same as that when the engine is running 
under power, in which case, of course, high-tempera- 
ture flame is in the cylinder. But while this requires 
investigation, it does not seem likely that the 
measured efficiencies will require serious modifica- 
tion. 

In considering the third possible explanation, viz., 
that a possible modification or extension of theory 
may be required, it may be remembered that in the 
case of steam flowing through nozzles and turbines 
experiment and test made necessary the introduction 
of the phenomenon of supersaturation into estab- 
lished theory. And a roughly corresponding pheno- 
menon is not far to seek in connection with rapid 
explosions. Kneser® has shown that the apparent 
specific heat values obtained by the velocity of sound 
method depend upon the frequency of the sound waves 
employed—the higher the frequency the lower was 
the deduced specific heat value. The explanation is 
that with high-frequency waves there is no time for 
the vibratory energy of the molecules constituting 
the gas through which the waves travel to reach its 
equilibrium value and consequently the specific heat 
values, which depend upon the vibratory as well as 
the translational and rotational energy, are too low. 

The order of time taken by the explosion in an 
engine running at 1500 r.p.m. is, omitting the delay 
period, of the order of one five-hundredth second. 
It is possible that in the later stages of such rapid 
explosions the molecules of the diluent gases do not 
have time to acquire their equilibrium share of intra- 
molecular (vibratory) energy, and thus behave as 
though they possessed lower specific heat values 
than their true values under corresponding con- 
ditions of temperature. Under such circumstances the 
explosion pressures would, apart from other factors, 
tend to be higher than the calculated pressures. 
This on reflection, however, is not likely to contribute 
substantially to increased engine efficiency, for there 
is plenty of time in the very early stages of the expan- 
sion stroke for the diluent molecules to attain their 
equilibrium condition. 


Heat Loss DuRmNG THE EXPLOSION-EXPANSION 
STROKE. 

The fourth possible explanation would appear to 
be the most probable, and this it is proposed to discuss 
more fully. It will, of course, be clear that if the 
estimates of Ricardo and Pye are much too high, the 
defect of the measured efficiencies below the calcu- 
lated efficiencies resulting from heat loss during 
explosion-expansion will be considerably less than 
4 per cent. 

The attention is being confined in this article to 
high-speed engines and that part of the heat loss due 
to radiation from the high-temperature flame is small. 
It is true that contrary to expectation from theory 
the exploded gases (which have a selective and not a 
black body radiation emission) radiate as the fourth 
power of the absolute temperature’ and on that 
account the rate of heat loss by radiation is very 
large. But the time during which the radiation is 
emitted in high-speed engines is extremely short and 
the radiation loss is therefore relatively small. 

The other part of the heat loss results from con- 





In compiling Table I attention has been confined 


TaBLE I.—Xfficiencies of High-speed Engines of Com 


duction and actual contact between the hot flame 


pression Ratio 5: 1 when Running on Various Fuels. 

















| 
Mixture strength, | Engine | Thermal efficiencies, per cent. Observer. 
Fuel. } per cent. of speed, , 
| “ correct mixture.”| r.p.m. | Ideal. | Actual. | Difference. 
Carbon-monoxide ... 110 1000 | 31-3 | 28-8 2-5 | A. F. Burstall deh 
Hydrogen ... ... ... 70 | 1000 | 36:8 | 33-7 3-1 Ricardo, corrected from C.R. of 5-45: 1 
Methane ... ... ... 70 | 1000 37-8 35-0 2-8 A. F. Burstall 
oo ee nee 70 | 1000 36-8 34-0 2-8 | A. F. Burstall 
Coal gas pet a 70 | 1400 36-8 | 35-5 1-3 A. F. Burstall 
RUE ancy sass hud 85 1500 35-3 | 32-2 3-1 Ricardo 





to cycles in which the maximum temperature does 
not exceed 2200 deg. Cent. in the case of engines 
running on hydrogen and hydro-carbon fuels (except 
in the case of benzene). In the case of Dr. A. F. 
Burstall’s tests with carbon-monoxide as a fuel, 
cycles with higher temperatures than this have been 
included. The dissociation constants obtained from 
recent theory are believed also to be substantially 
correct, and these have been employed in the effi- 
ciency calculations for cycles in which it is necessary 
to take dissociation into account. There seems little 
doubt that the efficiency calculations, which were 
most carefully made by Mr. E. E. Caton—to whom it 
gives me pleasure to express my indebtedness—give 
ideal efficiency values of a high degree of accuracy. 

In regard to the second possible explanation, viz., 
that the measured indicated thermal efficiencies may 


4J., AC.S., lvi, pp. 271 and 1045 (1934). 

5 J., AC.S., lvii, p. 682 (1935). 

6 J., AC.S., lvi, p. 1841 (1934). 

7 J., Chem. Phys., ii, pp. 65 and 549 (1934). 
8 THE ENGINEER, Nov. 16th, 1934, p. 476. 











1931), p. 229. 





gases and the internal surface of the engine cylinder 
and piston. Contact losses constitute much the 
greater part of the heat loss, and it is often argued 
that as these increase with turbulence and as turbu- 
lence in the engine cylinder increases with engine 
speed the heat loss per stroke does not decrease 
greatly with engine speed. There is a serious fallacy 
in this argument. It is, of course, true that heat loss 
increases greatly with turbulence, because it brings 
hot gases into contact with the cylinder walls. But 
what it is thought is not generally recognised is that 
cylinder turbulence resulting from the rapid entry 
of the fuel mixture into the cylinder (or any portion 
of the combustion space) constitutes only a small part 
of the turbulent motion bringing the flame gases 
into contact with the cylinder walls in spark ignition 
engines. A most important and effective turbulence 
is set up during the flame spread after ignition as a 
result of rapid combustion in the layers of the inflam- 
mable mixture close to the cylinder walls. Turbulent 


9 Ann. Physik, XI, p. 777 (1931). 
10 * Proc.,” I. Mech. E., 1924, p. 776. 
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motion from this cause is clearly demonstrated in 
photographs of flame travel along surface through 
inflammable mixtures originally stagnant. The 
effect of rapid combustion in the surface layers might 
be likened to that of bombs dropped upon a deep 
layer of loosely packed material. 

Cylinder turbulence is therefore merely a turbulence 
additional to that produced by combustion in the 
surface layers and, while it is of the utmost importance 
in its effect upon the rapidity of explosion, it is not 
very important in its effect upon heat loss in the case 
of rapidly burning mixtures. Consequently the rate 
of heat loss does not increase in proportion to engine 
speed. This view is supported by some experiments 
of Hopkinson with coal gas-air mixtures contained 
in a cylindrical explosion vessel in which a fan was 
mounted. He showed that, while the explosion was 
greatly speeded up by running the fan at 3600 r.p.m., 
the rate of subsequent cooling, as shown by the rate 
of decrease of pressure of the exploded gases and by 
the rate of measured heat loss to the cylinder walls, 
was not greatly affected.1 Experiments of a similar 
type made in the Engineering Department of the 
University of Leeds show that the influence of fan 
turbulence (which is very similar to cylinder turbu- 
lence) upon the rate of cooling after explosion, and 
therefore upon heat loss, becomes of less and less 
importance as the rapidity of burning of the inflam- 
mable mixtures increases.}* 

This discussion has had as its aim the suggestion 
that in high-speed engines the explosion-expansion 
heat loss per stroke is not very great. In an engine 
running at 1500 r.p.m. the time of explosion, which 
varies with the nature of the fuel, may with petrol 
fuels be taken as about one five-hundredth second 
(omitting the delay period), and it would require 
a very fierce rate of heat loss during such a small 
interval to result in a loss amounting to 5 or 6 per 
cent. of the heat of combustion—especially as the 
bulk of the heat loss takes place in the later half of 
the interval. Probably 1 per cent. would be a reason- 
able allowance for this part of the heat loss, and 5 per 
cent. may be allowed for the expansion heat loss. 
Doubtless these losses would vary with the nature 
and the strength of the fuel mixture. In the case of 
hydrogen the heat loss during the expansion period 
would be very considerably greater than 5 per cent. 
and for carbon monoxide somewhat less. But it is 
believed that they may be regarded as fair estimates 
for hydrocarbon fuels, and calculation shows that 
the loss of efficiency due to them would be rather 
more than 1-5 per cent. Adding to this a loss of 
efficiency of 1 per cent. for gaseous fuels and 1-5 per 
cent. for liquid fuels, due to the factors detailed in 
group (1) above, we obtain 2-5 per cent. for gaseous 
fuels and 3 per cent. for liquid fuels as the expected 
defects of actual efficiencies below calculated effi- 
ciencies. Omitting the efficiency obtained with 
hydrogen for the reason given above, these correspond 
very satisfactorily with the differences between 
calculated and observed efficiencies shown in Table I, 
particularly when it is noted that many of the tests 
were run at engine speeds of 1000 r.p.m. In view of 
this and of the fact that they are much in line with 
what would be expected from a study of explosion 
experiments, it is believed that the suggested explo- 
sion and expansion heat losses may be accepted with 
some confidence as reasonable average estimates for 
an engine of the size and speed under consideration. 


Heat Loss DurRING THE EXHAUST STROKE. 


It may be an exaggeration to suggest that in very 
high-speed engines (which run up to speeds of 
4000 r.p.m.) the heat loss during explosion-expansion 
is negligibly small per stroke, but there seems little 
doubt that it constitutes only a very small proportion 
of the heat passed into the cooling water. The heat 
loss measured by the cooling water amounts to some 
25 per cent. of the heat of combustion of the fuel and 
the overwhelming proportion of this loss would 
appear to be concentrated at one spot in very high- 
speed engines, viz., the neighbourhood of the exhaust 
valve. When it is remembered that this loss has to be 
multiplied by the number of explosions per minute 
it is not surprising that cooling in the neighbourhood 
of the exhaust valve should have attracted the efforts 
of designers. 

In the case of slow-speed engines the matter is, of 
course, very different. In such engines the time taken 
per stroke is relatively long and there is plenty of time 
for substantial heat loss to take place during explo- 
sion-expansion, both by radiation from the flame 
gases and by contact between the flame gases and 
the cylinder walls and piston. Thus Hopkinson, in 
his well-l'mown tests on a very slow-running gas 
engine (130 r.p.m., compression ratio 6-37, and 
cylinder diameter 11-5in.), estimated from an indi- 
cator diagram that the heat loss during explosion- 
expansion in his strong mixture experiment amounted 
to 27 per cent. (a revised figure on the basis of the 
quantum specific heats). The heat to the cooling 
water was 34 per cent., so that only 7 per cent. was 
lost during the exhaust stroke. This is much in 
accord with the measurements of Gibson and Walker! 





11“ Flame and Combustion in Gases,” Bone and Townend 
(Longman, Green and Co., 1927), p. 247. 

** An account of these experiments will be published shortly. 

13 “ Pyoc.,” I. Mech. E., 1908, p. 863. 

16 “ Proc.,” I. Mech. E., 1915, p. 363. 





upon a gas engine provided with separate cooling of 
the exhaust valve and running under very similar 
conditions. 


APPROACH OF THE HIGH-SPEED ENGINE TO THERMO- 
DYNAMIC PERFECTION. 


Long experience of explosion pressure and heat 
loss measurements has led to the conviction that the 
quantum specific heats are substantially accurate 
and there!ore that the ideal engine efficiency calcula- 
tions based unci. them are of a high order of accuracy. 
It is believed te fom more than one angle of view 





that the explosion-expansion heat loss is relatively 
small in high-speed engines and the finding resulting 
from the analysis given above is that present-day 
high-speed engines approach much more closely to 
thermodynamic perfection (having regard to the cycle 
of operations upon which they work) than is generally 
supposed. Further progress, as is generally recog- 
nised, must therefore be along lines of greater com- 
pression ratio (whether by the development of higher 
octane fuels or by compression ignition) and the 
utilisation of the energy of the exploded gases at the 
end of the expansion stroke. 








Solvent Recovery with Activated Carbon. 


By A. E. WILLIAMS, F.C:S. 


HILST the unique property that charcoal 

possesses for the absorption of gases and vapours 
has been known for over a century, it is only in recent 
years that its modern prototype, activated carbon, 
has been developed commercially for this purpose. 
The late war gave an impetus to such development, 
when carbon was employed in poison gas protection 
masks. Since that time great strides have been made 
in increasing the efficiency of activated carbon by 
careful selection of a suitable carbonaceous raw 
material, specific carbonisation procedure, and by 
improved methods of activating the carbonised 
material; with the result that the carbons manu- 
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still contain about 64 grammes of uncondensed acetone 
per cubic foot. The washing of the air-solvent mixture 
with water is also unsatisfactory, its effectiveness 
depending on the temperature and concentration of 
the solvent in the mixture. It reaches a tolerable 
efficiency only when high concentrations of solvent 
are present, the temperature of which is low. Such 
concentrations of air and solvent are not normally 
found in industrial atmospheres. On the contrary, 
activated carbon possesses a considerable capacity 
for the absorption of solvent vapours, even when these 
are greatly diluted with air and the temperature is 
relatively high. Tho following table showing the 
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FIG. 1—SOLVENT RECOVERY PLANT 


factured during the war period compare very un- 
favourably with the present-day product. 

To understand why carbon is more efficient in 
recovering solvents from industrial atmospheres than 
ordinary systems of condensation are, it is only neces- 
sary to consider very briefly the two methods. In 
cooling a mixture of vapour and air the proportion 
of vapour condensed from the mixture will obviously 
depend on the cooling temperature, other conditions 
being constant. For example, if a mixture of air and 
acetone at a temperature of 60 deg. Cent., containing 
22 grammes per cubic foot of acetone, is cooled to 
20 deg. Cent., only 6 grammes of the solvent per cubic 
foot of the mixture is recovered, and the air-acetone 
mixture passing the condensers still carries about 
16 grammes of acetone per cubic foot of the mixture. 
Even if cooled to zero Centigrade, the mixture would 





affinity of carbon for benzol-air mixtures of varying 
strengths at a temperature of 20 deg. Cent. is typical 
of the behaviour of carbon towards solvents. 
Benzol concentration Grammes benzol 
in absorbed by 100 
grammes per cubic foot. grammes of carbon. 
0- 000275 a8 


0- 00275 : 9 
09-0275 - ro 16 
0-275 . 28 
2-75 : 50 


Recent research work has shown that the adsorp- 
tion of gas mixtures and vapours by activated carbon 
does not proceed in accordance with Dalton’s Law. 
For example, the behaviour of individual gases, such 
as hydrogen, nitrogen, oxygen, and carbon-dioxide, 
on cooling, follow closely the adsorption curve for 
these gases. Near the critical temperature of the 














FIG. 2—TYPIGAL SOLVENT RECOVERY PLANT 
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gases the adsorption curve turns upwards rapidly, and 
especially is this the case with gases of low density. 


This is apparently caused by the critical pressure of 
the gas being exceeded by the adsorption strength of 


the carbon, producing a thin film of condensed liquid 
on the carbon surface. With solvent vapours, in 
general, the reverse is the case, and these are best 
adsorbed at a relatively low temperature; so that, 
when dealing with a mixture of air and solvent vapour, 
if this mixture is cooled before passing through a 
column of carbon the solvent is adsorbed whilst the 
air passes through unadsorbed. It is usually found 
that gases and vapours are adsorbed to a higher 
degree in the absence of moisture ; and, other con- 


ditions remaining constant, the adsorption speed of 


the carbon is proportionally greater for gases and 
vapours of low density. Hydrogen, for example, is 
adsorbed by the carbon at a higher velocity than any 
other gas. Normally, the size of the carbon particles, 
does not greatly affect the capacity for adsorption 
but, in general, granular carbon offers less resist- 
ance to the passage of the gas, and so adsorbs, in 
practice, better than finely powdered material. 
Carbon with narrow pores adsorbs better than a 
product with wider capillaries. The expulsion of the 
vapours or gases from the carbon (degassing) is carried 
out by passing a current of steam or other vapour 
through the carbon. The use of steam pipe heaters for 
degassing, or drying the degassed carbon, often leads 
to local overheating of the carbon, with consequent 


loss of efficiency. Generally speaking, the recovery of 


the gases from the carbon is more complete with 
gases of low density than with heavier gases, and is 
usually more thorough with carbons of wide pores 
than with narrow ones. Carbon for vapour and gas 
adsorption is mostly produced in a granular form, 
having various mesh sizes of from 4 to 40, and is 
carefully graded to a definite size to suit specific 
conditions. 

An ideal carbon should consist of pieces as near as 
possible similar in size and shape. Globular-shaped 
carbon is found in practice to be the most efficient in 
lowering the resistance to the passage of steam and 
vapours, whereas irregular-shaped fragments offer a 
much higher resistance, and are more easily disinte- 
grated. However, there are, as yet, difficulties in the 
way of making carbon in the spherical shape. The 
addition of a binder for the purpose of moulding the 
carbon would render the product less pure, and so lower 
its efficiency, besides adding to the cost of production. 

In selecting a carbon for long continuous service in 
the adsorption of vapours, the carbon showing the 
highest adsorption capacity for that particular vapour 
is not necessarily the most efficient in practice. The 
amount of vapour that the carbon will readily give up 
under working conditions has also to be considered. 
All new carbons, when first used, take up a certain 
proportion of vapour which cannot readily be 





FiGs. 4 AND 5—VENTILATING HOODS AND LEAD-OFF PIPES 


expelled again by steaming, so that, the most efficient 
carbon is the one giving a low permanent retention of 
vapour, combined with a high adsorption capacity. 


British DEVELOPMENTS. 


Although for some few years after the war the 
development of carbon solvent recovery plants in 
Great Britain did not keep pace with progress made 
on the Continent of Europe, British engineering 
firms have now reversed the position. Typical of 
these is the well-known company Sutcliffe, Speakman 
and Co., Ltd., Leigh, Lancs., who specialise in the 
building of carbon plants for the recovery of solvent 
vapours, such as acetone, petrol, carbon-bisulphide, 
benzol, naphtha, alcohol, &c. A general idea of the 
lay-out of a solvent recovery plant, as constructed 
by Sutcliffe, Speakman and Co., Ltd., may be gained 
from a study of Fig. 1. The chief units in the plant 
are the three adsorbing vessels A, which are packed 





with the granular carbon ; the cooler B, for cooling, 





when necessary, the incoming solvent-laden air, and 
the condensers C, in which the solvent recovered 
from the carbon, with the accompanying steam, is 
precipitated. Along the pipe D the solvent-laden 
air is drawn by a suction fan into the cooler B, 
thence into one of the adsorbers, wherein the solvent 
is taken up by the carbon, whilst the stripped air is 
drawn off and passed out to atmosphere through the 
chimney E. An independent fan and motor is pro- 
vided on each adsorption vessel, and is so arranged 
on the exhaust side of the unit that the adsorber is 
always under suction. The usual method of working 
is to have two adsorbers taking up solvent from 
incoming contaminated air, while the third one is 








FiG. 3—-ADSORBING VESSELS AND CONDENSERS 


being steamed for the recovery of the solvent. When 
necessary, however, all three carbon units may be on 
adsorption simultaneously should the necessity for 
this occur. The time required to saturate the carbon 
in one unit will vary with the velocity of the con- 
taminated air current passing, its temperature, and 
its proportion of solvent; as also, with the specific 
solvent being adsorbed, and the grade of carbon 
in use. In practice the carbon is not allowed to reach 
saturation point, but after a period of several hours 
the solvent-laden air is turned into another adsorber, 
while the first one is put under steam. This steaming 
of the carbon requires about forty-five minutes ; 
the carbon is then dried by drawing a current of hot 





air through it for about ten minutes. When working 
in this way with three adsorption units an ample 
margin of time remains in which to prepare a used 
adsorber before the other two break down. The hot 
air for drying the carbon may be obtained by one of 
two ways. In some cases it is possible to utilise the 
air direct from the source of collection when this is 
at a sufficiently high temperature ; in such an instance 
the collected air is by-passed along the pipe F (Fig. 1), 
so as to avoid the cooler. When this source of air 
is not hot enough a separate air-heating unit is 
installed. 

Fig. 2 depicts an installation by Sutcliffe, Speakman 
and Co., Ltd., having three carbon adsorption units, 
seen on the lower left. In this installation the main 
collection pipe for the solvent-laden air is. fixed 
through the wall on the extreme right. The cooler 
is seen a little further to the left, with the by-pass 
hot air pipe, for drying, near its inlet, whilst the outlet 


immediate left of each carbon unit. Fig. 3 is another 
view of a similar installation, with the suction fans 
on the extreme left, and a series of three condensers 


for the solvent and steam on the right. In the tank 
below the condensers solvent and water is separated. 
It will be noted that the operation of the valves 
controlling the incoming solvent-air mixture to the 
adsorbers is accomplished by chain and wheel from 
floor level. 


Tue RussBer INDUSTRY. 


In the rubber industry various kinds of solvent are 
extensively used in the processes; during the manu- 
facture of rubber-proofed goods, for example, a large 
proportion of the solvent employed is vaporised at 
the temperature at which it is necessary to work the 
process, and in many cases this solvent is lost to the 
atmosphere. The result is that the air in the work- 
rooms is vitiated and the risk of fire considerably 
enhanced. These disadvantages may now be 
obviated, and the bulk of the vaporised solvent 
recovered by the use of a carbon recovery plant. One 
such plant, recently installed by Sutcliffe, Speakman 
and Co., Ltd., in the Windsor Mill of A. O. Ferguson 
and Co., Ltd., Hollinwood, Manchester, shows what 
can be accomplished in this direction. In this factory 
naphtha is used both in the mixing room, wherein the 
wet mix is prepared, and in the spreading room, in 
which the solvent-containing mixture is applied to 
the material. Previous to the installation of the 
recovery plant it was necessary to use four large venti- 
lation fans to maintain anything approaching a 
habitable atmosphere in the factory; the solvent- 
laden air being simply passed out and lost to the 
outside atmosphere. With the introduction of the 
recovery plant, however, it was found that 92 per 
cent. of the spirit used could be easily recovered, and 
that although the workroom atmosphere was replaced 
only once in fourteen minutes—against every three 
minutes by the older four-fan system—it was always 
in a much healthier condition and practically free 
from solvent. To attain this result it was necessary 
to design a special type of hood, to come well down 
over the spreading tables so as to collect the maximum 
of solvent, without, at the same time, impeding the 
work of the operators. The hoods erected over the 
spreading tables in Messrs. Ferguson’s factory are 
seen in Figs. 4 an 5. A series of hinged windows is 
provided in the sides and top of the hoods so as to 
admit light and to enable inspection of the work in 
progress to be carried on. An electric bulb is also 
fitted inside each hood as an additional source of 
light when needed. Each hood is provided with a 
leading-off pipe through which the solvent-air mixture 
is contantly drawn by the fans operating on the 
recovery plant ; the individual pipes from the hoods 
leading into a common main and so to the carbon 








flues with the suction fans at the base are on the 


adsorbers. Each fan on the adsorbers is capable of 





IN A RUBBER PROOFING WORKS 


handling about 4500 cubic feet of contaminated air 
per minute, so that in a workroom of 62,000 cubic feet 
and with two suction fans working the atmosphere in 
the room is completely replaced in under seven 
minutes. The suction action of the fans is cut off the 
spreading tables when the spreading operation is not 
actually in progress, and this is accomplished by 
causing the spreading knife itself to control the air 
flow ; when the knife is raised the air flow is prac- 
tically stopped. Ventilation of the room is maintained 
through by-passing some of the air from the room, 
whilst the pressure in the suction lines is regulated by 
an automatic governor. The naphtha collected in the 
carbon adsorbers is steamed out and the mixture of 
naphtha and water passes into a condenser, thence 
into a separator. This separator is arranged to 
operate automatically in the separation of the 
naphtha and water. Naphtha, of course, is very 
slightly soluble in water, but the loss of solvent in this 
way is.infinitesimal; in very large installations this 
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small proportion of naphtha would be recovered by 
distillation. The carbon in the adsorbers has a 
useful life of about ten years or more. Throughout 
its life a very slow process of disintegration occurs, 
due to the repeated cooling and heating during 
adsorption and steaming. Practical results obtained 
with solvent recovery plants operating in the rubber 
industry show that over the first three years’ working 





the quantity of carbon replacement necessary does 


not amount to 5 per cent. of the total carbon in use, 
and tests conducted on the carbon after three years’ 
continuous service showed no deterioration in 
adsorption capacity. So that it is questionable 
whether any greater depreciation should be allowed 
on the carbon than the normal depreciation on a plant 
of this nature. The usage of steam in the recovery 
plant, when adsorbing 50 gallons of solvent per cycle, 
is about 41b. per 1 lb. of solvent recovered. 
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The Nation’s Water Supply. By R. C. S. WaTERs, 
B.Sce., M. Inst. C.E., F.G.S., M. Inst. W.E. London : 
Ivor Nicholson and Watson, Ltd. 1936. Price 
31s. 6d. 

THE author of this well-written and very effectively 
illustrated work presents his subject in such a manner 
that his purposes, as expressed in the preface, are 
likely to be achieved; that is, that although it is 
written primarily for the layman who is concerned 
with or interested in water supplies, the book will 
also be of value to engineers, while, owing to the 
“great general interest of the subject,” it may be 
appreciated by a considerable portion of the more 
widely read public. Further, although the author 
does not mention engineering students as among his 
prospective readers, he has provided them with an 
admirable introduction to water supply engineering, 
only a small proportion being likely to mislead the 
learner who lacks the light of a teacher’s criticism. 

Whether in respect of the broader aspects of water 
supply or in regard to specific proposals, those who 
are charged with administrative responsibilities will 
naturally rely upon engineers’ opinions of the book, 
which calls for present consideration, therefore, 
chiefly in that aspect. Two of the eight parts into 
which the volume is divided can be described very 
briefly. Part VII, Legislation and Water Supply, 
adequately informative, is chiefly to be commended 
for the author’s able discussion of precedents and 
practice. Part VIII presents, for the layman, essen- 
tial features and important details of the means for 
obtaining and distributing the water. 

Relating, respectively, to waters derived from 
upland, underground, and river sources, Parts IV, 
V, and VI provide a compendium of information, 
engineering, administrative, and financial, in respect 
of a large number of the principal water supplies of 
Great Britain. A very useful feature is the employ- 
ment of colour, in some eleven maps and thirteen 
geological sections, which, with photographs and 
minor figures, illustrate these three parts, while a 
map in a pocket at the end of the volume shows, 
within 45 miles east to west and 42 miles north to 
south, the areas of the Metropolitan Water Board and 
of surrounding companies and local authorities. The 
pocket also contains three large maps to scales 3}in. 
to 4in. to the mile, showing the contours of under- 
ground waters in Yorkshire, in Lincolnshire, and 
Nottinghamshire, and in the Midlands and the 
southern counties. These relate also to Part II, 
Geology in Relation to Water Supply, which includes 
two geological maps, one showing the impermeable 


- rocks of Great Britain, and the other water-bearing 


formations. This portion of the work may be regarded 
as in the fullest sense Mr. Walter’s personal con- 
tribution. The principal impermeable strata are 
described, with a discussion of dam and reservoir sites 
and of failures. Descriptions of permeable strata are 
followed by explanations of conditions in respect of 
underground waters, well illustrated by geological 
sections in colours. Without counting the larger 
maps, the four parts which are of direct interest for 
the engineer consititute considerably more than half 
the book. 

Part I, relating to rainfall, is accompanied by five 
coloured maps based on the “ Rainfall Atlas of the 
British Isles.”” The elements of the subject, as usually 
approached in Great Britain, are well presented, and 
a sense of disappointment which the text conveys is 
due perhaps to the author’s acceptance of figures 
often quoted and significant as averages, but not, it 
is to be hoped, relied upon in respect of specific 
schemes. He rightly calls in question the quite 
unacceptable figure, 75 per cent. of the average rain- 
fall, as that of the driest two consecutive years (‘‘ two 
consecutive driest years ”’), but continues ; ‘‘ The mean 
rainfall over a period of three driest consecutive years 
may be as little as 80 per cent. of the average....” 
without relating this to another passage in which he 
calls attention to the significance, generally, of the 
droughts of 1933 and 1934 and without reference to 
earlier criticism of the 80 per cent. figure, or mention, 
under the next heading, ‘‘ Run-off,” of the fact that 
the proportion of run-off to rainfall is much less in a 
period of two or three years of low average fall than 
in an average year. As regards run-off generally, it 
is to be regretted that the figures put forward are 
not accompanied by the information that they are 
merely typical, or broadly average, and that the run- 
off of a catchment is properly to be estimated as an 
aggregate of those of the individual falls of rain, each 


proportional to the character of the catchment— 
which may differ much from the average character of 
the region—to its condition in respect of moisture and 
to the rate of each rainfall, as in inches per twenty-four 
hours. 

In a study of the flow of the Thames, the author 
very effectively employs’ two graphs, each for a 
period of three years, showing the curves of flow, 
both of which gave the same total or average, but so 
distributed that, for equalisation of flow a reservoir 
for the later period would have been required to 
have a capacity 14 times that sufficing for the earlier 
period. This is a striking and useful example of the 
importance of long-period records of flow, or, failing 
such, of rainfall. In another aspect, as exemplary 
of methods of deduction, the study, as continued in 
the text, is misleading; for instead of relating the 
flows to rainfalls, using the ample data for the later 
period to provide a curve of the run-offs from daily 
or weekly rainfalls, the author takes the more than 
suspect proportion 80 per cent. of the general average 
of rainfall in the Thames basin—not the average for 
the three years—and deduces that evaporation and 
loss amounted to 15in. per annum. No better 
comment can be made than that fortuitously provided 
in his next sentence: “ It is with computations such 
as these that the engineer is faced.” 

In Part III the quality of water is discussed with 
regard to its physical action upon the materials of 
pipes and conduits ; its turbidity and colour ; hard- 
ness, and in the bacteriological aspect. The subject 
is very well presented. Hardness is discussed with 
reference to disadvantages other than the “ extra 
soap cost,” as it may be termed, but with considera- 
tion rather of industries than of the domestic con- 
sumer. Giving the cost of softening as between Id. 
and 2d. per 1000 gallons, the author does not point 
out that, in the week or so during which that quantity 
would suffice for an ordinary household, the extra 
cost of hard water, as compared with water softened 
to the usual extent, might be counted in shillings. 
A minor point is that, when referring to an unsuccess- 
ful experiment in the use of iodine, with the object 
of curing goitre, the author does not make any refer- 
ence to experiments reported to have proved success- 


The situation as regards available resources and 
public policy is, for the most part, faithfully reflected 
in the book, but not in that portion of Part VII 
headed ‘‘ The Rural Problem,’’ which begins with the 
statement not qualified in the text which follows : 
‘“* The primary problem of to-day is how to overcome 
the cost of laying many miles of mains in rural 
districts for only a few inhabitants, generally of the 
poorer classes.” That is not the primary problem. 
The situation is falsely seen by public authorities as 
the very narrow field viewed through a big pipe. 
There is really no general primary problem, but need 
for the adoption, as a general policy, of exploration 
of the local resources in every case; not the crude 
assumption that no such resources exist. The so-called 
“ plight ” of villages and hamlets in times of drought 
is due, in many cases, probably in most, to failure 
on the part of the Rural District and Parish Councils 
to seek independent advice, which could sometimes 
be given in three words. 

In the last two pages of the book, the author very 
usefully discusses causes of waste and of increasing 
consumption ; but his figure of 200 to 300 gallons 
per day as the yield of a “slightly dripping tap” 
cannot be allowed to pass. Measurements made for 
the purpose of checking his figure have yielded the 
results : a tap set to what, it seemed, might be called 
“slightly dripping,” a rate equivalent to 12 gallons 
per twenty-four hours; from a hot-water tap, an 
unbroken thread of water, 18 gallons ; and from a cold- 
water tap under considerable head, set to drip as 
fast as it would without running, 20 gallons per 
twenty-four hours. 

passages adversely criticised in this well- 
balanced and comprehensive work are isolated, not 
typical cases. The sum total of such comment 
would not suffice to discount in a serious degree its 
value as presenting a subject of vital importance in all 
essential aspects. 





Design Problems of Heating and Ventilation. By 
A. T. Henty. London: Crosby Lockwood and 
Son, Ltd. 1936. Price 42s. 


Tus book deals chiefly with the calculations involved 





in the designing of heating and ventilation installa- 





tions, but approaches from a different angle 
the methods in common use. The first portion is 
given up to heating and describes at length the 
methods advocated by the author. Taking Meier’s 
formula for determining the friction loss in pipes he 
develops a nomographic calculator which simplifies 
the calculations involved. This method of calculation 
is used for both gravity and accelerated circulations, 
and other nomographs are given in order to reduce 
the time involved in making the various other 
calculations necessary. The particular modification 
which the author has adopted to simplify the charts 
and reduce the number of movements required is 
the embodiment in the chart of a movable scale or 
scales which can be set once for any particular series 
of readings. 

The calculations necessary for various types of 
gravity and accelerated circulations are then 
described and examples are worked out at length. 
An interesting section covers the analysis of the 
calculations involved in the gravity circuit employing 
overhead flow and return. While some of the assump- 
tions commonly made in designing pipe sizes introduce 
errors, the author shows that these errors are largely 
self-compensating. 

Criticism is given of the reversed return system 
on the grounds of initial cost, an alternative method 
being suggested. It is, however, not made clear 
that in certain types of planning where a complete 
ring can be adopted the method of the reversed 
return can be used with no additional cost. 

The second section deals with hot water circula- 
tions for domestic supplies, and follows the usual 
lines. While the probable draw-off to be expected 
from a number of fittings is considered at length, 
it is felt that more consideration might have been 
given to the designing of installations for large 
hotels, institutions, and similar buildings, as these 
introduce problems not adequately dealt with in 
current literature. The author also advocates the 
use of combined mains for heating and hot water 
service for large institutions, but has apparently 
overlooked the serious disadvantage of this method, 
namely, that while a constant temperature is required 
for the hot water service, the temperature of the 
water for heating should be variable between wide 
limits according to outside atmospheric conditions. 

In the portion devoted to ventilation the author 
describes the usual methods of calculation employed 
and the apparatus used. He investigates the calcula- 
tions for the ventilation of an underground car park, 
and gives the requirements of a number of industries 
with some reference to the calculations involved. 
Various industrial drying systems and equipment are 
also described. 

A chapter is devoted to district heatmg with 
particular reference to the utilisation of waste heat 
from power stations, and a typical example is worked 
out with estimated costs. 

A brief account of steam boiler plant is given 
and a discussion follows of the removal of steam, 
dust, and fumes from industrial processes. 

The chapter dealing with swimming baths and 
public wash-houses gives a summary of the usual 
equipment installed. 

The early part of the book dealing with calculations 
for heating installations is the most valuable, the 
remaining portions being mainly examples of the 
application of the calculations to specific cases. 





Industrial Dust. By Pamir Drinxer, S8.B., Ch.E., 
and THreopore Harcu, B.S., S.M. London: 
McGraw-Hill Publishing Company, Ltd. 1936. 
Price 24s. net. 

Tue problem of dealing with dust is one of increasing 
importance to the engineer. A single instance might 
be cited, that of the grinding machine, which only a 
few years ago would have been regarded as of interest 
only in connection with obtaining a high degree of 
accuracy or finish, and mainly employed as a means 
of rectifying errors incident to machining. Nowadays 
grinding is frequently adopted as the only machine 
operation, and such articles as taps and gauges are 
ground from the solid hardened stock, without any 
other machining, and they are admittedly a paying 
proposition. But as the use of grinding is exploited, 
so does the dust problem increase. 

We now have a treatise that considers the control 
of the ‘“‘ dust hazard in industry ” in a comprehensive 
manner, and the authors rightly state that it is the 
joint duty of the physician and the engineer, and 
co-operation between them is essential to success. 
The matter is discussed impartially, and it would be 
good for the medical man to read it with a view to a 
better appreciation of the engineer’s difficulties, and 
also for the engineer carefully to peruse the very 
interesting consideration of the medical side. 

The whole theme is developed in an orderly manner 
beginning with a thorough examination of the physical 
properties of dusts, fumes, smoke, and mist, with 
appropriate definitions of each. In determining their 
effects upon man we have to enter the realm of the 
physician, and understand the functions of respira- 
tion, and the manner in which the lungs are affected, 
and the diseases that result from an undue aceumula- 
tion of different forms of dust. 

Fortunately, a considerable amount of statistical 
information is already available, and mortality curves 
have been produced for different occupations in dusty 
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trades, some of the most important being in connec- 
tion with coalmining. 

It will be appreciated that everyone is able to cope 
with a certain dust deposition without serious harm, 
and. careful experiments have been made to determine 
the “permissible dustiness,”’ and the results are 
clearly tabulated, the work done by the British Home 
Office being recognised. 

The next step is to arrive at as exact a determina- 
tion of the dust concentration as is possible, and to 
provide suitable means for its efficient measurement. 
These may be divided into six main groups :—Settle- 
ment, filtration, washing, impingement, electrical and 
thermal precipitation. The apparatus and instru- 
ments necessary for each are clearly described, and 
their relative merits investigated. 

It is important to determine the size of particle 
in dust, and this may be effected by screen analysis 
or by microscopic measurement when the particles 
are too small for satisfactory screening. A very 
thorough investigation of the various methods 
employed in size determination is made, and its use- 
fulness discussed. Before the whole of the dust survey 
can be considered complete, attention is given to a 
chemical and mineralogical analysis of dust, the 
mineral composition being of great hygienic interest. 
Dust recovered from the lungs can be carefully con- 
centrated by wet or dry washing before a chemical 
analysis is made, and useful information is obtained 
from the colouring of the sputum and nasal discharge 
of persons who are exposed to dust. 

Thus by a meticulously careful investigation, the 
whole problem of dust for any particular industry is 
set out: with a view to the ultimate elimination or 
control of the dust. 

In the attack it is necessary to stress the great 
importance of the engineer and medical man working 
hand in hand, and a systematic periodic examination 
is of the utmost importance, while the value of chest 
X-ray photographs should not be ignored. An annual 
examination would reveal the development of tuber- 
culosis, so that the victim might be removed from his 
work before becoming a source of danger to his 
fellow-workers. 

Important though this medical control is, it must 
be regarded as negative in value, except in so far as 
it clearly shows up the real dangers that exist, but 
knowing these the engineer can proceed in three 
distinct ways :—(1) To eliminate the sources of the 
dust, (2) to prevent the dispersion of dust at its 
source, and (3) to provide individual protection. In 
the former may be mentioned the useful service of 
changing from a harmful to a non-hazardous dust. 
As an example, might be mentioned the practical 
elimination of “‘ grinders’ rot ” by the substitution of 
artificial abrasive wheels for the sandstone wheels 
once almost universally employed. 

We enter the realm proper of the engineer when the 
principles of the design of local exhaust systems are 
explored, with considerations incident to (a) exhaust 
hoods, (6) piping, (c) air cleaning plants, and (d) 
source of suction. The subject of air movement with 
a view to dust dispersion is an important one, and 
the theory is carefully developed. Having deter- 
mined the air flow, the authors show how the hood 
should be designed, giving the general rules govern- 
ing the design. In connection with the lay-out of 
suitable pipe lines, useful information is incorporated 
dealing with the friction of air in pipes, and it will 
come as a surprise to a good many when they learn 
the extent to which resistance is increased in flexible 
hose, although they would have expected considerable 
losses at elbows, connections, &c. An interesting 
chart shows miscellaneous pressure losses. The 
authors explode the widespread misconception that 
cleaning apparatus does not operate as well under a 
negative pressure as it does when pressure is positive. 

Two useful chapters deal fairly exclusively with air 
cleaning apparatus, the second of which is exclusively 
devoted to filtration methods, which include the 
means adopted to determine the efficiency of filter 
materials, and also the steps taken and the instru- 
ments used to arrive at filter efficiency. 

The last chapter of a valuable book has as its subject 
dust respirators and air masks. Too often we have 
noticed workers not using the respirators provided 
by their employers, the plea being the physical dis- 
comfort due to a bad fit, or a difficulty in breathing. 
The authors carefully examine all contributory factors 
and deal with their problems in a scientific manner. 
This work concludes with a fairly comprehensive 
bibliography. 

All engineers who are concerned with enterprises 
in which problems attributable to dust have to be met 
will find much that is both useful and interesting in 
** Industrial Dust.” 


The Collected Papers of Rhys Jenkins. Printed for the 
Newcomen Society at the University Press, Cam- 
bridge. 1936. Price, 2ls. Edition limited to 
300 copies. 

In his Preface to these papers, Mr. Rhys Jenkins’ old 

colleague at the Patent Office, Mr. E. Wyndham 

Hulme, says: ‘‘ In November, 1935, the Council of 

the above Society [the Newcomen] decided, with the 

consent of Mr. Jenkins, to print a collected edition of 
his papers, published prior to the formation of the 

Society [1920] as a token of the affectionate regard 


with a view to rendering his earlier work more access- 
ible to the wide circle of his friends and admirers.” 
It is not given to many technical men to see their 
papers collected. That is usually a posthumous 
honour for which the author can do little more than 
hope. But, as Mr. Hulme shows, there were excellent 
reasons for taking an exceptional course in the present 
case. Mr. Rhys Jenkins, now an old man, for he 
began his professional career in 1874, wrote at one 
time for the public Press, as, for example, his “‘ Links 
in the History of Engineering,” published in this 
paper between 1917-20, but since its formation his 
work has seen the light almost exclusively in the 
“Transactions ’’ of the Newcomen Society. There 
is no higher authority on technical archeology than 
Mr. Rhys Jenkins, and all those who have appreciated 
the splendid work he has done for the Newcomen 
Society would naturally desire to have prior work done 
by him in a convenient form. We observe with pride 
that the majority of the papers here reprinted were 
first published in THe ENoGinEER. Of other papers, 
special mention must be made of the short lives of 
Savery and Newcomen, which were presented as a 
paper to the Devonshire Association in 1913-14, 
and which have already been reprinted in the “* Trans- 
actions ” of the Newcomen Society, Vols. IIT and IV. 
Another paper, ‘‘ The Notebook of Roger North,” 
is published here for the first time. 

The volume, which is excellently primted on a 
pleasant matt paper with inserted plates where 
necessary, is arranged in four sections: Mechanical 
Technology, Steam Engineering and Foundry Work, 
Hydraulic and Sanitary Engineering, and Industrial 
and Economic History. To these are added a cata- 
logue of the published works of the author, a list of 
authorities quoted, and an index. The format of 
the book is quarto and the familiar and characteristic 
binding of the Newcomen Society has been departed 
from. The publication does credit to the Society and 
honour to an archzologist who has done more than 
anyone to uncover the foundations of the technology 
of British industries. 


Engineering Valuation. By Anson Marston, C.E., 
D.Engr., and Tuomas R. Ace, C.E. London: 
McGraw - Hill Publishing Company, Ltd. 1936. 
Price 36s. net. 

IN preparing this work the authors’ desire has been 
to provide a “‘ comprehensive, reliable, and up-to- 
date treatise for practical engineers,” and one that 
will prove suitable for a college text-book. In it 
has been incorporated the results of some sixteen 
years of intensive work. The whole art of valuation 
has been developed within the past century, and year 
by year its field of service widens. 

The authors define valuation as the art of estimat- 
ing the fair exchange worth of specific properties, 
and they wisely bring to the notice of young engineers 
the value to their subsequent careers of an under- 
standing of this important subject, and a knowledge 
of the many data necessary for making a correct 
engineering valuation of an industrial property. 

Part I of the book under review is devoted to studies 

of value, of industrial property accountancy, of 

physical property mortality characteristics, and of 
the various principles and aspects of depreciation. 

For upwards of two hundred years human mortality 

curves have been used for the determination of insur- 

ance rates, but it is only since, 1902 that similar 
curves for physical property have been developed, 


Half of these cases occurred after the Great War, 
and were largely attributable to the tremendous rise 
in construction costs due to the direct effects of that 
war, causing violent differences of opinion as to their 
“just and right relative weights.” After 1926 con- 
struction cost levels were about double pre-war 
prices, but from 1931 onwards they fell, and a period 
of depression brought with it other troubles, in spite 
of the Government’s efforts to increase prices and 
eliminate cut-throat competition. 

The value of statistical information on price trends 
of construction, materials, labour, &c., is stressed, 
and we believe it will be found in practice that most 
valuation engineers build up their own data for the 
particular class of work on which they are engaged. We 
are of opinion that there is a big field for standardis- 
ing such statistics and presenting them in an orderly 
way. The book under review does much to suggest 
the manner in which this may be done, by giving a 
number of typical tables, with charts showing graphic- 
ally price trends of various materials, wages, &c. 

A useful chapter is devoted to describing how to 
set to work to make a preliminary valuation of 
property, sketching the work done both in the field 
and in the office. All the points that need considera- 
tion are carefully described, and among them perhaps 
the most difficult to assess are those known as 
intangible values, which include the preliminary 
expense value, which is the present capital allowance 
which should be made for legitimate expenses incurred 
for the organisation and promotion of the enterprise. 
Another component is the going value, which is quite 
distinct from the ‘‘ goodwill” of a concern, and may 
be defined as the “‘ element of value in an established 
plant over one not thus advanced.” 

We cannot allude to all the constituent parts of an 
accurate valuation, but they are dealt with one by one 
in a systematic manner. 

Part III describes the engineering valuation of 
different classes of industrial property, beginning 
with land and showing how assessments are made of 
land for taxation purposes. Similarly mines, mineral 
deposits, and timber lands, and the special problems 
incident to each are briefly treated. Perhaps the 
chapters that are of most general interest to engineers 
will be those dealing with the valuation of private 
industrial property, and the following one, which gives _ 
typical examples. 

The valuation of what the authors term ~“ public 

utilities has a special chapter, and includes ‘such 
concerns as railways, highways, telegraphs, irriga- 
tion systems, &c., and the last chapter in a compre- 
hensive work gives in considerable detail as a typical 
example the valuation of an “ electric utility.” 
This useful book finishes with some 136 pages of 
appendices, giving a mass of very valuable statistical 
information, curves showing industrial property 
mortality, with various tables which should prove a 
great help. 





SHORT NOTICES. 


Electrical Laboratory Experiments. By Boyd C. Dennison. 
London: Chapman and Hall. Price 20s.—The first edition 
of this well-known book, originally written by Vladimir 
Karapteoff, was published in 1908. Growth of the science 
and practice of electrical engineering caused subsequent 
editions to be brought out in two volumes, butinrecent years 
there has been a growing demand for a less comprehensive 
book, more adapted to the needs of the average under- 
graduate’s laboratory work. It was therefore decided to 
publish an abridgment limited to subjects usually included 


although the analogy is obvious. The more that is 
done in correct estimation of mortality, the more 
readily will it be possible to determine true deprecia- 
tion values, an important factor in valuation. Main- 
tenance and depreciation are so closely allied that they 
are often confused, quite incorrectly, and it seems 
strange to read that as recently as 1902 the American 
courts confused depreciation with repairs, and replace- 
ment with construction, and actually held that there 
was no such thing as accrued depreciation. Actually, 
judicious maintenance tends to lower depreciation. 
Many methods of estimating depreciation are dis- 
cussed, and the straight-line method, once so widely 
adopted, is rightly condemned, and the authors 
advocate the present. worth actual depreciation 
principle, in which the depreciation value at any date 
during its service life is the present worth at that date 
of the probable future operation returns yet.to be 
earned by its probable future services. 

There is a useful section on depreciation account- 
ancy and the correct way in which to account for 
losses of value by depreciation is explored. It should 
perhaps be mentioned that the whole outlook of the 
book is American, and the legal status of depreciation 
accountancy is accordingly described from that 


Part II is devoted first to studies of the general 
fundamental principles of engineering valuation, and, 


secondly, to studies of the various specialised methods 
which have been developed for its practice. 

In dealing with general principles of engineering | ; 
valuation, it is necessary to have a clear conception 
of the many valuation decisions by federal and State 
courts, and by utility commissions, as well as of the 


in undergraduate courses and to the more usual experi- 
ments. The work of revising and rearranging the former 
volumes has been entrusted to Professor Boyd C. Dennison, 
of the Carnegie Institute of Technology, who has sought 
the advice of some fifty teachers of electrical engineering. 
In answer to a questionnaire these. teachers have indicated 
the form which they considered the abridgment should 
take and the experiments which should be included. 
The present book, therefore, has the results of considerable 
teaching experience behind it, and should prove of con- 
siderable value to students. In an effort to conserve 
space alternate methods have in general been avoided, 
although all the essential experiments deemed to be 
necessary for proper electrical training have been included. 


Wireless Engineering. By Dr. L. 8. Palmer. London : 
Longmans, Green and Co., Ltd. 1936.—This is a revised 
and enlarged edition of ‘‘ Wireless Principles and Practice,” 
published in 1927. Most of the matter in the original 
volume has been included, but each chapter has been 
brought up to date by appropriate alterations and addi- 
tions. New sections have also been added on such subjects 
as the production, propagation, and reception of ultra 
short waves, the theory and practice of beam aerial 
systems, the recent advances in knowledge of the iono- 
sphere and its action on the propagation of wireless waves. 
Other topics which have been added include, for example, 
quartz oscillators, copper oxide rectifiers, H.F. feeder 
lines, radio cable links, and magnetron and other micro 
wave oscillators. By arrangement with the Radio 
Research Board, the monthly publication in the Wireless 
Engineer of a complete wireless bibliography has rendered 


extensive bibliographies unnecessary in a textbook of this 
kind, and for this reason the bibliographies included in 


‘ Wireless Principles and Practice ’’ have been omitted 


from this work. 


Control of Electric Motors. By Paisley B. Harwod. 


A list of sixty-eight of the most important of the 


results of valuation and rate studies, and researches London: Chapman and Hall, Ltd. Price 22s. 6d.—Every 


year, the author of this book states, thousands of electric 
motors are installed to drive machinery. Each of them 





American valuation decisions is given, and brief 





in which he is held by members of the Society, and 


summaries are made of them in a succeeding chapter. 





requires a controller of some kind. Someone must specify 
and purchase these controllers, someone must design and 
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build them, and someone must install and operate them. 
Some knowledge of motor control is therefore useful, if not 
essential, to everyone working with electric motors. The 
object of this book is to describe briefly the characteristics 
and the various types of motors and to show how they 
affect the problem of control. The design, construction, 
and operating characteristics of controllers and control 
devices are discussed and methods of securing the desired 
results described. Problems encountered, such as motor 
acceleration, dynamic braking, and resistor design are also 
considered. Although the book deals with American 
practice and illustrates American products, it will probably 
be appreciated by many in this country who have to deal 
with electric motor control. 
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Long-Distance Locomotive Opera- 


tion Overseas. 
By J. G. B. SAMS. 


ALTHOUGH the pooling of locomotives over a link 
of crews is an established practice made use of by a 
large proportion of railways throughout the world, 
it cannot yet be referred to as completely satis- 
factory, and many endeavours have been made to 
secure by other means its advantage of engine 
mileage without the attendant disadvantages of higher 
repair bills and more frequent incidence of failures, 
Long-distance haulage at comparatively easy speeds, 
such as is common to railways overseas, presents a 
problem differing considerably from the sharper and 
shorter hauls of home practice, it being nothing 
unusual in the former case to make up trains of the 
maximum allowable tonnage for a continuous and 
undisturbed haul of 250-300 miles involying in 
some countries twenty hours or more of practically 
continuous running, and as it is usually advantageous 
to keep the same engine on the train throughout the 
whole journey, the comparative values of different 
manning methods require careful study. In these 
cases it may be claimed that there are only two 
alternative methods—the stationing of relief crews 
at strategic points to relieve the incoming crew on 
arrival of the train, and the carrying on the train of 
the relief crew in a special vehicle, usually referred 
to by the unlovely name of “ caboose,”” who change 
over with the working crew as near as possible to 
the hours-of-duty limit. The former involves the 
pooling of engines over available crews, and, in addi- 
tion to any mechanical troubles that may arise from 
the pooling, certain operating difficulties are brought 
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both schemes have the advantage over the original 
four-wheeler of greater hand-braking weight in the 
case of the failure of the continuous brake, and both 
provide for the carriage of guards in addition to the 
locomotive crews. Scheme “ B”’ is, perhaps, prefer- 
able, as it allows a greater area for the carriage of 
freight, and while it is not so elaborate as the other 
in this respect, it provides sufficient means for reheat- 
ing or cooking food and drink. Otherwise, the 
standard of comfort is much the same. In the 
particular country for which these cabooses were 
designed, the second firemen are invariably recruited 
from local tribes, the guards being Asian and the 
drivers and first firemen Europeans or Asians, as 
the case may be; care is consequently needed to 
conform to the standards of each. Thus, the second 
firemen are very comfortably provided for with a 
straw mattress on a wooden shelf over which they 
spread their personal grass-mat, together with a sink 
in which to stand to pour water over themselves when 
washing, the similar provision in the villages being 
the earth and the nearest stream. ‘These men act 
as coal trimmers, and general handymen about the . 
engine, assisting with water-column hoses, raking 
out of ashpans, attending to lamps, and similar 
duties of an unskilled nature. The arrangements 
of the three superior grades’ compartments are 
alike, but it was thought advisable to allocate as 
far as possible a particular vehicle to a particular 
engine crew in order to avoid any alteration of 
nationalities which might lead to trouble. It may be 
said in conclusion that upper and lower berths were 
provided throughout with soft mattresses and 
blankets for the said superior grades, shedts, towels, 
and the like, being a personal matter, after the 
custom of the railway. 

The running of locomotives over long distances 
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ARRANGEMENTS OF REST COACHES 


into being. The first is that of overtime; it is not 
always possible to get the train over the road with 
such accuracy that it will arrive at the relieving 
station approximately simultaneously with the com- 
pletion of the train crew’s hours of duty, and this is 
especially true of trains working over long stretches 
of single line; there is also the question of return, 
it not being always possible to provide a train in the 
return direction to fit in with the completion of the 
relieved crew’s rest period, and the result may be 
that they are called on duty with short rest, which is 
very undesirable, or that they are idling about the 
depét for some time after their rest period has 
expired. These difficulties do not arise in the case 
of a relief crew carried on the train, as it is pretty 
certain that the train will be stopped at one or other 
of the water columns en route at/or about the time 
for relief, and, alternatively, it is possible to issue 
instructions to the effect that the change over is 
to occur at the station nearest to relief time, a special 
stop being made if necessary. The disadvantages 
arising are that the crews are absent from their 
homes for a longer period, also that a special rest 
vehicle must be attached to the train ; against these 
it may be claimed that the crews will raise no objection 
on account-of the well-proved advantage of an 
allocated in lieu of a pooled engine, a consideration 
that appeals very closely to every engineman, and 
further, if mileage run enters into wage systems in 
any form, objections are likely to be met by the 
possibility of an increase in this direction. 

If the system is to have a proper chance of success 
the arrangement and fittings of the rest vehicle 
must reach @ considerable standard of comfort, and 
it must be kept properly clean and sanitary by 
organised methods joined to careful supervision, 
this proviso being of the greatest importance in 
tropical countries employing a mixed personnel. 
As a matter of interest, an illustration is given here- 
with of two general arrangements of rest coaches 
providing a combination of rest compartments and 
van space mounted upon bogies and intended to run 
in the place of the former four-wheeled brake vans ; 





usually involves refuelling, cleaning of fires, and 
emptying of ashpans and smoke-boxes en rotte, 
functions that may require some preliminary arrange- 
ment. Refuelling arrangements should be such that 
an ample supply can be taken out in not more than 
ten minutes, a virtual impossibility with the usual 
hand-coaling methods met with abroad. On the 
other hand, the provision of a crane or mochanical 
coaling plant may be considered too great an expense 
in the case of depéts coaling up to a dozen engines 
in the twenty-four hours, and an intermediate method 
may be usefully referred to, namely, a combination 
of coal stage, shoot, and man power particularly 
suited to countries having an ample supply of native 
labour. This combination requires a coal stage having 
a floor sloping fairly steeply towards the coaling road, 
the stage floor being divided into, say, a dozen bins, 
holding 1 ton, and having a sliding gate leading 
into a hinged shoot (two or three per stage), which 
can be lowered to feed into the tender; on raising 
the gate 1 ton will slide down, requiring possibly a 
little trimming to keep it flowing, taking less than 
one minute to discharge itself. Between engines the 
labour is utilised to refill the bins in the usual way. 
Ancillary advantages are that the recharging usually 
enables the regular employment of labour throughout 
the day, and that, unlike a steam crane, the equip- 
ment does not require to be laid off at intervals for 
boiler cleaning, an operation that seems invariably 
to fall due when the traffic is at its heaviest. Delay 
consequent upon the spot cleaning of fires may be 
avoided by the use of efficient rocking and dump grates 
with an ashpan large enough to carry the waste up 
to the point at which labour is available to clean it 
out, the natural focus being the refuelling base, as 
here it will not be necessary to spread the ashes over 
the station yard, and better arrangements can be 
made for cooling off and disposal. The smoke-box 
may be emptied at the same time, and experience 
has shown that by proper organisation the whole 
operation of detaching from train, proceeding to 
locomotive sidings, refuelling, emptying ashpan and 
smoke-box, and reattaching need not occupy more 
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than twenty minutes, in which time the train can be 
usefully ‘‘examined"’ throughout. In conelusion 
the gist of some reports given in the Bulletin of the 
International Railway Congress Association for 
April, 1932, with reference to methods of manning 
may be quoted :— 

“The system of manning locomotives seems 
generally to depend on circumstances ; passenger 
locomotives are more often allocated to particular 
crews than is the case with freight locomotives. The 
Pennsylvania Railroad, while saying that their loco- 
motives are generally pooled, state that some pas- 
senger, freight, and shunting locomotives are double 
and sometimes triple-crewed. This system is to be 
preferred, as it maintains the personal interest of the 
crews in their locomotives. The South African 
Railways generally pool their locomotives, but think 
it not satisfactory from the maintenance point of 
view, and other methods are used when conditions 
permit.” Very little is said on the part of the home 
railways, but reference is made to the carried relief 
crews of the London and North-Eastern Railway’s 
* Flying Scotsman.” 








Recent Developments in Hydro- 
Electric Engineering. 
THE INSTITUTION OF MECHANICAL ENGINEERS. 


THE meeting of the Institution of Mechanical 
Engineers on Friday evening of last week, December 
L8th, at which Dr. P. W. Seewer of the English 
Electric Company presented a paper entitled ‘‘ Recent 
Developments in Hydro-Electric Engineering with 
Special Reference to British Practice” was well 
attended but the unusual length of time occupied 
by the author in summarising his paper curtailed the 
period available for discussion. 

Mr. E. Bruce Ball discussed the dispersion of the 
energy in a jet of water such as that delivered from 
a discharge-regulating valve. It was very important, 
he said, that before the jet impinged against the 
concrete of the tail-race or against any natural 
surroundings, such as rock of a friable nature, its 
energy should be destroyed in order that no damage 
should be done to the surface which it encountered. 
He reminded the author of a method for that purpose 
which was described at the Glasgow Summer Meeting 
of the Institution in 1923. The “ jet diffuser’ as 
it was called operated by breaking the jet into 
millions of drops of water and by destroying the 
energy of the drops by air resistance. The action 
of the device turned upon the law governing the free 
vortex. The solid jet was completely disintegrated 
into drops, about jin. in diameter, before the jet 
had travelled more than one diameter from the jet 
orifice. By means of the “‘ jet diffuser ” energy had 
been dispersed at rates up to 38,000 H.P. 

Mr. W. T. Halcrow summarised the development 
of the water power resources of this country. In 
1918 he said a Government commission appointed 
to study our water power resources reported that 
they were of such importance that they should be 
developed to the maximum possible extent. In 
spite of that recommendation however Parliament 
had placed great difficulties in the way of promoters 
obtaining powers to interfere with the flow of rivers. 
Bills had repeatedly been deposited, rejected 
and reintroduced before the desired powers were 
granted. The latest instance was provided by the 
Bill deposited last year by the British Oxygen Com- 
pany for a hydro-electric development scheme 
covering an area to the west of the Caledonian Canal 
and intended to form part of a plan for the produc- 
tion of calcium carbide. That Bill had been thrown 
out. It was now being reintroduced in an amended 
form but its fate was still uncertain. 

Mr. O. Thott criticised what he described as the 
levity with which the author had dealt with the 
subject of cavitation. According to Dr. Seewer 
only a small portion of a turbine runner needed 
protection against the effects of cavitation. That, 
Mr. Thott remarked was a bold statement to make 
and he desired to know whether it was based on 
prolonged experience. Cavitation, he held, could 
occur outside the recognised danger zone. It might 
be set up by a small indentation caused by the 
impact of a stone or other foreign body against 
the runner. It was not extravagant, as the author 
held it to be, to use runners cast completely in 
stainless steel. Commenting upon the author’s 
statement that no plants making use of hydraulic 
accumulation, or pumped storage, during ‘ off-peak ”’ 
periods had been installed in this country he said 
that that statement was not quite correct. At 
Walkerburn on the Tweed there was a hydraulic 
power plant which, when the power available was 

greater than the demand of the mill, was designed 
to pump a portion of the surplus water up into an 
artificial lake 1000ft. overhead. 

Mr. E. N. Webb thought that there were many 
inconsistencies and controversial points in the paper. 
It seemed to imply that British engineers possessed 
a monopoly of skill and enterprise in the design of 
hydraulic power plant. That was far from being true 


characteristics which the author laid down as a 
requirement in the design of hydraulic plant was 
simplicity but some of the devices which he sub- 
sequently described seemed to outrage that principle. 
Discussing the “gerofoil” recorder he contended 
that it was open, like other velocity meters, to 
damage by stones and to interference with its 
action by weeds collecting on it. Further each 
instrument required individual calibration in its 
own setting. 

Mr. W. Hawthorne said it might be true that our 
large supplies of coal had acted to deter the develop- 
ment of our water power resources. It was however 
also true that certain countries abroad had found it 
profitable to develop their water power resources in 
spite of the fact that they possessed liberal coal 
supplies. The hydraulic accumulation or pump 
storage system might find application in this country 
provided the habits of the people did not change 
materially during the coming years, that was to 
say, provided the morning and evening peaks of 
demand remained as they were at present. It was 
true as the author remarked that in this country there 
existed near one another lakes lying at different levels 
which presented opportunities for the installation of 
peak load plants. For the most part however such 
lakes were at considerable distances from centres of 
demand. An alternative method of arranging a peak 
load station would be to construct an artificial lake 
near a town and to pump into it water from a river 
during the off-peak hours. 

General A. E. Davidson said that the paper was 
long overdue. As a nation we were poor at advertis- 
ing our achievements and very little had been given 
to the world concerning what British engineers had 
been responsible for in this country and within the 
Empire. He hoped that a table would be inserted in 
the paper in its final form showing what British 
engineers had down in the way of developing hydraulic 
power resources. Our schemes might not be so 
dramatic as those carried out in other countries. The 
Shannon water power development executed by 
German engineers had received much attention, and 
was regarded in Ireland as being very wonderful. 
Nevertheless the power which it developed was less 
than that produced at three of the stations in the 
Scottish Highlands. 

Mr. N. Brooksbank referred to a small hydro- 
electric plant which his company, the Victoria Falls 
Power Company, was installing at the Falls. He 
reminded the meeting that in spite of its name the 
company as at present established developed all the 
power it supplied in coal-burning stations. To 
utilise the Falls would involve the transmission of 
energy 800 miles to the Rand and 300 miles to the 
copper fields. The hydro-electric plant now being 
installed at the Falls was quite small, and would be 
used to supply the town of Livingstone, the Falls 
Hotel and other points of consumption in the vicinity 
of the Falls. The turbine impellers for the plant 
would be cast solidly in stainless steel. Passing to 
some details in the paper he said that it still seemed 
to be the favoured practice among British hydraulic 
power engineers to drive the governors by means of 
a belt. He desired to know how long the author had 
used a mechanical drive and whether any synchronous 
vibration had been encountered with it. The neces- 
sity for fitting a trustworthy brake to bring a hydro- 
electric set quickly to rest in emergency or when 
stopping it had been urged by the author. He could 
not himself quite understand its importance. No 
such brake was needed in the case of a steam turbo- 
generator. Was it required in a water turbine simply 
because the system of lubricating the bearings was 
ineffective at low speeds ? 

Mr. E. R. Howland remarked that it was not quite 
correct to say that Venturi tubes were responsible for 
appreciable pressure loss in the case of plants for 
medium or low heads with pipes 20ft. to 30ft. in 
diameter. The aerofoil flow recording instrument 
would he thought require not only individual calibra- 
tion but recalibration from time to time to cover 
changes in the pipe conditions. 

Mr. Peck described experimental Pelton wheels 
which he had produced the specific speed of which 
had been raised to 12 or 14 by mounting three runners 
on one shaft and by using two jets per runner. 
Dealing with the power accumulation system he 
suggested that what was required was a turbo-pump 
which would be reversible in its action. 

Dr. Seewer replying to the discussion said that the 
energy diffusing method described in the paper was 
patented in 1915 and therefore preceded the system 
mentioned by Mr. Bruce Ball. It was free from any 
detrimental effect on the tail-race, foundations or 
surrounding rock. He reaffirmed his belief that pro- 
tection against the effects of cavitation could be 
obtained by applying stainless steel over about 10 per 
cent. of the runner area. As the size of the runner 
became smaller the cost of attaching the stainless 
steel facing or edging became disproportionately high. 
For the small runner to be used in Mr. Brooksbank’s 
set the conditions were such that it would be extra- 
vagant to make it otherwise than of solid cast stain- 
less steel. He denied the charge of complexity brought 
against some of the devices described in the paper. 
Other turbine governors he alleged were “ com- 
plicated boxes of tricks’ compared with the one he 
had illustrated. No trouble had been given by the 





as reference to the work being done by Continental 
and American engineers would show. One of the 


synchronous vibration had ever been noticed. He 
did not agree that the aerofoil flow meter required 
recalibration from time to time. The nature of the 
packing applied to its spindle did not interfere with 
its action. 








Canadian Engineering News. 
(By our Canadian Correspondent.) 
Hydro-electric Project. 


The largest power project under active construc- 
tion at the present time in Canada is that of the Ontario 
Paper Company’s 66,000 H.P. plant at Outardes Falls on 
the Outardes River, Quebec. The power from this plant, 
when completed, will be used by a new newsprint mill 
being built by the company 10 miles away at Baie Comeau, 
Quebec, situated on the north shore of the Gulf of St. 
Lawrence, about 200 miles downstream from the City of 
Quebec. The company commenced construction of this 
hydro-electrie plant near the mouth of the Outardes River 
in 1927, and during the three succeeding years completed 
the dams, headworks, and intake, as well as excavating 
for the power house. Now with the improvement in 
economic conditions, the construction programme is 
going forward, and, it is expected, will be completed by 
the summer of 1938. The present project involves the 
installation of two 25,000 kVA vertical water-wheel driven 
generators. The turbines will operate under a head of 
about 200ft., and will be fed from one 17ft. 6in. diameter 
penstock, which will have its forebay situated some 6000ft. 
away at the main dam. A large surge tank will also be 
installed near the dam. 


Munition Work. 


A substantial munitions programme on a non- 
profiteering basis is being planned by the Dominion 
Government. Important orders for military planes, as 
well as equipment to mechanise and motorise the militia, 
will be placed this winter, some of it being made possible 
through last session’s increased appropriation for the 
Department of National Defence, which totalled over 
30 million dollars, and the larger part of it to be met by 
an even greater appropriation this coming session, which 
is expected to be about 50 million dollars. The making 
of a considerable number of war planes in Canada, it is 
held, will serve the dual purpose of expanding business 
for Canadian industries, and providing increased ‘employ- 
ment, and also of tangibly contributing to Britain’s urgent 
war needs. The Canadian Government has decided, 
however, that if there is to be munitions making there 
must be a curb on exorbitant profits. Just what course 
will be taken has not finally been determined, but it is 
believed it will either be in the direction of stipulating 
that the factories to which orders are given shall be paid 
the cost of production plus a profit of 10 per cent., or by 
the Government taking over the munitions plants entirely. 
Aeroplane plants, as well as a large number of iron and 
steel concerns and interests representing the primary 
industries from which raw materials must be drawn, 
will benefit largely from the proposed programme. 


To Modernise Steel Mills. 


Modernisation of the steel mills of the Dominion 
Steel and Coal Corporation at Sydney, Nova Scotia, will 
get under way shortly, 1,000,000 dollars having been set 
aside by the Corporation as an initial expenditure in the 
expansion programme to run over a number of years. 
Present plans call for the erection of two new open-hearth 
furnaces near the blooming mill end of the plant, and two 
new boilers for No. 3 power house will also be built. A 
motor will replace the engine in the bar mills and various 
other changes, which will electrify numerous departments 
of the plant, are contemplated. Erection of a new coal 
bridge from the blast-furnace to the coke ovens is included 
in the programme. 

With a view to improving transportation facilities 
into mining areas throughout Canada, arrangements have 
been made to spend 2,195,000 dollars, mainly in the con- 
struction and improvement of roads. Expenditures on 
forty-three projects in British Columbia will total 450,000 
dollars. The work is widely distributed, and will be of 
benefit to most of the active mining areas in the province. 
In Saskatchewan the largest project is the construction 
of a rock dam near Prince Albert to improve the landing 
facilities for pontoon-equipped planes during the low 
water stages of the North Saskatchewan River. At Gold- 
fields, in the Lake Athabaska gold-area, dock and floating 
aeroplane landings are being constructed. Expenditures 
in Manitoba will total 405,000 dollars, the largest part of 
which is being used in the construction of a highway from 
Mafeking to The Pas, centre of access to the Flinflon and 
other mining areas to the north and east. 


Electrically Welded Bridge. 


What is claimed to be the longest electrically 
welded bridge on the American continent spans the St. 
Anne River on the Quebec—Montreal highway 30 miles 
east of Three Rivers, and was formally opened at the end 
of October. It is 644ft. long, and is entirely electrically 
arc welded. It consists of six arched spans of steel girders 
supporting a reinforced concrete roadway, 24ft. wide 
with 5ft. paths of either side. The superstructure, 
weighing more than 1400 tons, is supported on solid 
steel roller bearings at the piers to allow expansion or 
contraction under all weather conditions. The total 
change may amount to as much as 8in. between the coldest 
winter weather and the hottest days of summer. The 
structure was erected by the Dominion Bridge Company. 
Materials used in the building include: 300 tons of struc- 
tural steel, 1500 cubic yards of concrete, 60 tons of steel 
reinforcement, 1500 cubic feet of Deschambault limestone, 
8000 lineal feet of timber piles, 1760 square yards of 
asphalt, in addition to lumber for forms, paint, electrical 
and other incidental supplies. The material used is 
100 per cent. Canadian. 





mechanical drive adopted for that governor and no 
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Recent Developments in Hydro- 
Electric Engineering.* 
By P. W. SEEWER, D.E., M.I. Mech. E.t 


In order to secure a reasonable share of the world’s 
output of hydro-electric machinery, it was necessary for 
British engineers to create features in design and manu- 
facture affording real advantages, both technical and 
economic, to the prospective user. It is the purpose of 
the paper to describe briefly some of the most important 
of these features which have met with approval, especially 
amongst water power engineers of considerable experience. 
The main requirements were simplicity, high specific 
speeds for both reaction and impulse wheels, exact and 
automatic regulation for the turbines proper, and reliable 
control apparatus, such as governors, valves, and discharge 
regulators. 

Automatic Aerofoil Flow Recorder.—Hydro-electric 
power plants involve large financial investment, and 
therefore demand accurate knowledge of all operating 
factors, and continuous supervision by means of records 
of power input and output. Electrical metering and 
recording instruments capable of a high degree of accuracy 
are available. The exact measurement and continuous 
recording of the rate of flow of large quantities of water 
in the field, however, is still a most difficult problem. 
Exact and continuous flow recording is of paramount 
importance for the maintenance of high efficiencies, and 
for the control of storage reservoirs and concessional 
water quantities, including irrigation flow. As the output, 
head, speed, and other hydraulic conditions are continu- 
ously changing in service, it is desirable to install appa- 
ratus capable of recording accurately the quantities of 
water discharged in a permanent manner, and independent 
of all the other variables. 

The well-known methods of water measurement by 
Pitot tube, Venturi meter, salt velocity (Professor Allen), 
friction loss calibration, time pressure (Gibson), differential 
pressure recording by piezometers on the intake vortex 
or by weir calibration, while mostly capable of yielding 
accurate and consistent records indicating the momentary 





of medium or low heads, having pipes of large diameter 
extending sometimes to 20ft. or even 30ft., are cumber- 
some and expensive, impose appreciable pressure losses, 
and influence the regulating conditions detrimentally. In 
common with Pitot tubes, they are subject to clogging by 
dead leaves, sand and other detritus carried in con- 
siderable quantities by many rivers. Furthermore, none 
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Fic. 1—-Sectional Arrangement of Aerofoil Flow Recorder. 


of the orthodox methods of water flow recording afford any 
appreciable power which can be used reliably for the 
operation of by-pass valves or other control devices. 
These considerations led to the development of tine aero- 
foil type of permanent water flow recorder (Fig. 1). Aero- 
nautical principles have established that a suitably designed 





aerofoil in a stream of air sustains forces, notably an 


definite position for any particular velocity. The torsional 
moments exerted by the flowing water are balanced by a 
simple coil spring and the aerofoil is mounted in two rust- 
less steel ball races permanently working in grease, while 
an extension of the pivoting shaft operates the flow 
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Fic. 2—Operating Characteristics of Aerofoil Permanent 
Flow Recerder, 


indicator and recording apparatus and any control devices. 
The aerofoil can be used for the operation and adjustment 
of relief valves or other discharge apparatus in order to 
establish a permanent or variable flow according to require- 
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rate of flow, are mostly unsuitable or quite impracticable 
for continuous flow recording. Venturi tubes for plants 





* The Institution of Mechanical Engineers.—Abstract. 
+ Consulting engineer and chief designer, hydro-electric 
department, English Electric Company, Ltd. 





Fic. 3—Experimental Hydraulic Test Station 


uplift, which are direct functions of the shape of the aero- 
foil and the angle of incidence. It was also established 
by theory and experiment that an aerofoil immersed in 
flowing water, for instance, inside a closed pipe, and 
mounted so as to be capable of rotation, was highly sensi- 
tive to changes in the velocity of flow and would take up a 


A.— Drain. 

B.—-Headrace Tank. 

C.— Pump Discharge Pipe. 
D.—Motor. 


E.-—Tachometer. 

F.-—Test Turbine. 

Brake. 

H.—Measuring Weir Tank. 

J. Measuring Weir Chamber. 
-Tail Water Level Chamber. 
L.—Headrace Level Chamber. 


M.—Headrace Float. 
N.—Tail-race Float. 
O.—--Weir Float. 

P.—Tail-race Level. 
Q.—Headrace Level. 


ments. This is especially useful in cases where, as for 
irrigation purposes or for superimposed plants along a 
river, an exactly predetermined flow must be kept to and 
guaranteed, independent of the momentary load, which, 
however, must be adjustable according to the constantly 
varying requirements. The aerofoil is a very simple and 
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robust apparatus, which is independent of the pressure 
prevailing in the pipe or duct, and is free from disturbing 
influences due to impurities contained in the water. There 
is no discrepancy between the flow as measured by a weir 
and as indicated by the aerofoil meter, except below 10 per 


cent. of maximum flow, where the degree of inaccuracy 
A curve of 


of the latter is of the order of 4 per cent. 
moments, which shows how powerful the instrument can 
be, is given in Fig. 2. The aerofoil is free from vibration 
in service and no measurable detrimental influence what- 
ever on the efficiency of the turbines can be detected. 
Kaperimental and Research Plants——In every hydro- 


clectrie scheme~Nataure imposes peculiar conditions of 
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Fic. 4—-T'urbine and Generator Shaft Couplings. 


pressure, output, quantity, and local setting. Hydro- 
electric engineering is thus to a large extent pioneer 
work, and it is often necessary to resort to extensive 
experimental and research work in order to achieve the 
best results. The firm with which the author is associated 
has thus been led to establish its own industrial test plant, 
which is. as far as the author knows, the first and only 
one in the British Isles, apart from the experimental 
laboratories in technical schools, the purpose of which is 
chiefly educational. 

This plant, which is illustrated in Figs. 3 and 6, enables 
extensive tests on model turbines and their accessories 
to be made. It is established within the factory area 


The work also includes a thorough testing of all 
governors and their safety devices, valves, discharge 
regulators, oil pressure plants, and measuring instru- 
ments; the testing of pressure-bearing parts, and the 
concurrent determination of the properties of the materials 
employed ; runaway tests, and tests of the static and 
dynamic balance of runner wheels, fly-wheels, and other 
important rotating elements. 

The original plan to utilise the water level difference 
of an existing river was dropped in order to enable the 
tests to be made independently of fluctuations in quantity 
and head, often considerable in any river. Consistent 
and reliable tests under steady conditions can only be 
obtained by means of pumped water and tanks which 
allow of exact adjustment of quantity and pressure. This 
also made it possible to install the experimental plant 
within the works. The water circulation plant consists 
of a vertical-shaft axial-flow pump directly coupled 
to a vertical-shaft 130 H.P. electric motor permitting 
variable speed. The pump can deliver a maximum of 
about 1-2 tons of water per second against a head of 20ft. 
The quantity and head utilised by any turbine under test 
can be adjusted by means of the speed of the pump, 
in conjunction with a head tank provided with an oyer- 
flow weir, into which the water is delivered by the pump. 
A very steady level of water in the head tank is secured 
by means of a number of streamlined flat wooden plates 
reaching from top to bottom of the tank at intervals 
of about lin. The water is conducted to the spiral casing 
and turbine to be tested by means of a pipe and bend, and 
reaches the tail-race through a suction pipe and bend, 
easily accessible and interchangeable, to enable various 
forms of suction bends to be tested. All forms of spiral 
casings can be tested and the lay-out can be adapted 
for testing various forms of guide and distributing 
apparatus, runner wheels of every form and description, 
hydraulic brakes, shutters, &c. 

The turbine shown in Figs. 3 and 6 is of the vertical- 
shaft type, but horizontal-shaft turbines can also be 
adapted and tested. The tail-race is arranged as a gauging 
tank and is provided with a calibrated rectangular con- 
traction weir by which the water returns to the sump at 
the bottom of the building where the circulation pump 
operates. The vertical-turbine shaft rotates in two ball 
bearings, and is suspended in a thrust bearing of the 
ball race type. 

The power developed by the test turbine is absorbed by 
a mechanical and compensated friction brake of the Prony 
type provided with three equidistant pivoting brake 
shoes with Ferodo linings ing against a fabricated 
circular drum constantly cooled by water from the 
inside. The torque is measured by adjustable counter- 
weights attached to a cable connected with the arm of 
the brake. It is thus possible to determine the power 
delivered by the turbine under any conditions of load, 
head, and speed, with considerable precision. The 
effective head is measured by float indicators in head and 
tail tanks and the various losses in bends, spirals, and all 
other vital parts are measured by piezometers. The 
speed is measured both by a permanent and ® belt-driven 
dial tachometer, and is controlled during tests by a hand 


consideration is given to the adoption of output, type, 
and speed suitable to both the hydraulic and electrical 
parts of the plant. Adequate factors of safety are aimed 
at for all parts of the running machinery under both 
normal and abnormal operating conditions, including 
overspeed and short circuit. At this stage the fly-wheel 
effects which it is possible and safe to embody in the 
sets to ensure satisfactory regulating conditions are 
determined, taking into account the conditions imposed 
by the momentum of the moving water both in the pipe 
line and tunnel. Great care is taken to create permanently 
rigid settings for the machinery, and to ensure their 
perfect alignment, connection, and accessibility. It is 
then possible to prepare compact designs occupying 
minimum floor space, and the cost of the power-house 
can be reduced, and control and safety gears can be made 
simple and reliable. 

Comprehensive treatment also includes the other com- 
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Fic. 5— Method of Stainless Steel Protection of Propeller Wheel. 


ponents of the plant. Thus control gears, feeder piping, 
stop valves, air ducts, discharge canals, cable trenches, 
auxiliary machinery like exciter and standby sets, inter- 
connecting plant, crane, &c., can be evolved so as to 
combine economy with ease of supervision, handling, and 
maintenance. Sufficient dismantling space is carefully 
considered in relation to access roads, crane height, and 
capacity. Continuous collaboration with the electrical 
designers allows the switchboards, transformers, cable 
trenches, and other electrical gear to be arranged in 
such a way as to avoid interference with any other service. 
The arrangement and size of penstock and distributing 
pipes and their influence on governing are carefully 
investigated. The power-house foundations, anchor 
blocks, pipe supports, and expansion joints are designed 
in the light of ali normal and abnormal conditions obtain- 








tachograph. 








Fic. 6—Spiral-cased Reaction Turbine and 


so that research can be carried out in constant contact 
with the design and manufacturing stafis. 

By means of a test plant the efficiency of turbine runner 
wheels covering a wide range of specific speeds can be 
established without ambiguity. Such a plant enables 
the correct form of spiral casings, distributing apparatus, 
and draught tubes to be determined. It can also furnish 
valuable information on axial thrusts, cavitation, runaway 
speeds, and other hydro-dynamic phenomena which it 
is very difficult, if not impossible, to establish theoretically 
with sufficient accuracy. It is possible to establish the 
deceleration characteristic resulting from the application 
of hydraulic brakes as compared with the unbraked 
deceleration, and to determine the quantity of water 
required for a given braking effect. The characteristic 


of the aerofoil type of flow recorder can likewise be exactly 
determined. 

















Fic. 7 


Test Brake. 


The tests made in this plant, especially the efficiency 
tests, have always shown excellent agreement with the 
results obtained from the full-size machines in the field. 
It is, however, necessary to apply correcting factors to 
take into account scale effect. The money invested in 
the test plants has been amply justified by the invaluable 
aid it has afforded in devising improved forms and 
elements of turbines and their accessories. 

General Design and Special Mechanical Features in 
British Practice——One of the most pronounced features 
of British practice is the comprehensive way in which 
hydro-electric schemes are being developed. While the 
turbines, of course, as prime movers, primarily determine 
the type, speed, local setting, connection, and operation 
of the generators, constant contact between the hydraulic 
and electrical engineers allows the machinery to be treated 
as a whole “ hydro-electric set... From the start careful 





Spiral Casing and Generator Support 





ing in service. Seismic loading, altitude, and climatic 





Assembly. 


conditions and their influence on the aeration and cooling 
of generators and bearings are also taken into account. 
Chemical and physical analyses of the water form the 
basis for the choice of the material for the runners, dis- 
tributing apparatus, and other vital parts. Such com- 
prehensive treatment, both in design and manufacture, 
makes possible the adequate design of completely auto- 
matic and semi-automatic plants and their controls. 

The Block and Step Design of Power-House-—Except 
in certain cases where horizontal shaft machines are pre- 
ferred for reasons of local setting, existing foundations. 
or a special type of service, as, for example, the operation 
of large direct-current generators, the single-runner, 
vertical-shaft type of reaction turbine and generator has 
been developed. This type of turbine ensures simplicity, 
sturdiness, economy of space, and superior hydraulic 
conditions. The casing can be completely embedded in 
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the concrete foundations, thus ensuring great rigidity 
and freedom from vibration. Hence the vertical-shaft 
type is given preference practically everywhere for machines 
of large output and size. The orthodox type of vertical- 
shaft plant involves, however, the following drawbacks : 
It is far more inaccessible than the horizontal-shaft plant. 
The usual design of vertical-shaft power-house involves 
two or more floors, rendering dismantling, supervision, 
and maintenance awkward. Important parts like pump- 
ing plant, governors, and servo-motors must be arranged 
on different floors, often at a considerable distance from 
the parts they are destined to control, such as distributing 
apparatus, relief valves, and stop valves. Substantial 
interconnecting gears are therefore necessary in order to 
obviate lost motion and subsequent “* hunting,” the servo- 
motors must be embedded in the concrete, where they are 
inaccessible and difficult to maintain. A further objec- 
tion is the difficulty of maintaining perfect alignment and 
rigid connections between the hydraulic and electrical 
machinery when they are arranged on separate and 
independent floors, because of the temperature differences 
and constantly varying axial loads. 

To overcome these drawbacks a permanent and abso- 
lutely rigid connection between the turbine and generator 
was evolved, consisting of a steel barrel which is in reality 
nothing else than an extended generator bedplate. This 
barrel is permanently connected at the bottom to the 
turbine speed ring, and is strongly embedded and anchored 
into a concrete pedestal surrounding the turbine. It 
rises from the power-house floor, with which it is strongly 
interlaced, and is provided with three or more large access 
ducts traversing both pedestal and barrel. Through these 
ducts the turbine can be conveniently and rapidly visited 
for inspection from the single power-house floor. In this 
way it is also possible to arrange the governor, servo- 
motor, and complete control mechanism in the immediate 
neighbourhood of the distributing apparatus and relief 
valve. The barrel transmits the weight of the generator 
through the cast steel speed ring of the turbine to the 
foundations underneath, and also takes up the short- 
circuit torque, which is a multiple of the normal torque. 
The ducts also allow the governor drive to be arranged 
in the most direct way. The cylindrical balanced stop 
and relief valves can conveniently be placed underneath 
the power-house floor and their design greatly simplifies 
the foundations. All important parts are rendered easily 
accessible from the single power-house floor and by the 
same crane, and the oil pumping plant is also arranged 
on the same floor and in the immediate neighbourhood of 
the governor. The governor actuator can always be com- 
bined directly with the servo-motor underneath—that is, 
it can be of standard type. The inside of the turbine casing 
and runner is accessible through ducts and manholes from 
the same singie power-house floor. 

The Coupling.—Perfect rigidity, concentricity, and 
alignment, combined with ease of manufacture, erection, 
dismantling, and interchangeability in the field, are 
desiderata in the design of a coupling to serve for the 
assembly of a turbine runner and shaft and of turbine and 
generator shafts. The usual multiple bolt type of coupling 
involving a number of cylindrical, or even conical, bolts, 
was abandoned because of the considerable difficulty of 
manufacturing strictly interchangeable spare parts which 
would permit of expeditious replacement in the field 
without reamering. It is, indeed, practically impossible 
to repeat a series of, say, ten or twelve holes, which in 
respect of both diameter and pitch circle will correspond 
exactly, the more so as the necessary centring spigot 
must be made to fit simultaneously with a tolerance of 
not more than 1/1000-inch or preferably less. Conical 
and cylindrical shaft and runner assemblies often render 
dismantling, after prolonged service, extremely difficult 
and can lead to prolonged stoppage in case of replacement. 

In order to obviate these difficulties a coupling has been 
designed, as a standard product, made up of a number of 
studs or bolts separately and jointly locked, which are 
arranged within holes in the coupling and allow consider- 
able clearance. The torque is no longer transmitted by 
the bolts, but by one single, amply designed, diametrical 
key, traversed and kept in position by two of the bolts, 
and made to jig to fit the coupling halves with a slight 
interference fit. This jig contains an exact centring fitting 
each coupling, so that the relative positions between 
centre spigot and keyways are made to correspond exactly. 
The number of elements which have to be made to fit 
exactly is thus reduced to two instead of a multiple of 
this number. This type of coupling, which is illustrated 
in Fig. 4, is easy to manufacture and handle, and obviates 
reamering in the field. 

The Development of Welded Structures. —The necessity 
of reducing both time of delivery and weight has led 
to the development of composite welded structures on 4 
considerable scale. Not only pipes, but spiral casings, 
turbine main covers, valves, bearing housings, draught 
tubes, barrels, rotors, and even runner wheels are now 
fabricated by electric welding with carefully selected 
electrodes and welding plant. Experience has shown that 
most of these fabricated structures are not only lighter and 
cheaper, but much better than many castings, inasmuch 
as they are free from blow-holes, cracks, and other defects 
always to be expected, especially in complicated steel 
castings. The considerable progress made in this field 
can best be illustrated by examples of the most important 
pieces, most of which have been in continuous and success- 
ful operation for a considerable time. 

Spiral Casing.—The correct logarithmic form for an 
intake vortex is made up in lobster-back shape which is 
obtained by butt welding the composite parts joining 
the gradually diminishing sections, and double lap-welding 
on to the speed ring or centre portion which surrounds 
the guide apparatus. The longitudinal joint, tail ends, 
and manhole joints, which are exposed to the greatest 
stresses, are reinforced by multiple lap or stitch welding, 
which is in reality not absolutely indispensable, but is 
an additional safety factor for these joints and greatly 
increases their strength. The inside of the spiral casing 
is smooth and is on that account alone superior to the 
riveted or lap-welded casing, as it presents a minimum of 
resistance and disturbance to the flowing water forming 
the intake vortex. There has been no case of failure 
of 


under pressure or distortion in service with this type 
casing. 

The barrel or generator support, to be seen in Fig. 7, 
is also entirely welded, and while remarkably light is 


of 





considerable strength. It is made in several sections 
for transport, and contains passages or ducts for inspection. 

The turbine cover also formerly presented difficulties 
in manufacture, both of the pattern and of faultless cast- 
ings. It is made up of top and bottom covers between 
which twenty-four or more different compartments must 
be made to correspond exactly with the equal divisions of 
the guide apparatus of the distributing gear. It can now 
be made comparatively easily and rapidly by welding. 
Such a cover presents an almost perfect homogeneity, 
apart from being much lighter than a steel casting. 

The fabrication by welding of draught tubes is a pro- 
blem which has much in common with the fabrication of 
spiral casings. The correct transition from the circular 
to the parabolic exit form at the bottom is of considerable 
importance in effecting a smooth and efficient trans- 
formation of the kinetic energy contained in the flowing 
water as it leaves the runner into negative pressure. 
Welding enables the draught tube to be made perfectly 
smooth inside, and assists the correct and expeditious 
building of the foundations. 

The relief and by-pass valves lend themselves admirably 











An Interesting Machine Tool Drive. 


THE accompanying photograph of a Kendall and Gent 
vertical milling machine, with a control pillar alongside, 
is of particular interest in that the British Thomson- 
Houston electrical equipment for driving the various 
motions is believed to be the first of its kind. The machine 
is designed for die sinking, and is equipped with B.T.H. 
motors for driving the spindle, the table feed, and for 
elevating. The spindle motor is a 6 H.P., 700-2100 r.p.in., 
D.C, compound-wound machine with shunt character- 
istics, and as the spindle speed must be infinitely variable 
from 35 to 1000 r.p.m., a three-speed gear-box is used. 
The table feed motor and elevating motor are both squirrel- 
cage machines, the former being rated 2:5 H.P., 1430 
r.p.m., 50-cycle, three-phase, and the latter 2 H.P., 
1425 r.p.m., 50-cycle, three-phase. It is thought that the 
electrical equipment will be the first of many of similar 
type, as the problem of obtaining a compact variable- 
speed motor on a machine tool has been solved by installing 





VERTICAL MILLING MACHINE AND ELECTRICAL CONTROL PILLAR 


to fabrication by welding. The entire outer body, dis- 
mantling ring, and discharge hood are welded. The valve 
piston is of phosphor bronze and glides on stainless steel 
strips on the inner body. The control and operating 
piping is connected to the valve by means of adequately 
reinforced double lap-welded joints. 

The success obtained so far with welding is due to 
careful design, continuous tests of the strength and homo- 
geneity of the welds, and minute supervision and control 
of the welding material and the welders. 

Stainless Steel Protective Welding.—Great care is taken 
to avoid the danger of cavitation by a judicious choice 
of specific speeds and static and dynamic suction heads. 
The continuous increase of the specific speed of hydraulic 
turbines with a view to reducing first costs, however, 
coupled with the unavoidable deviation from the correct 
angle of the runner blades at part load, and change of 
pressure, makes it imperative to provide against the 
danger of cavitation which is so disastrous to both the 
life and efficiency of the runner wheels and turbines. 
The continuous inerease of pressure utilised in both reaction 
and propeller wheels causes the water to traverse and 
leave the runner canals under far more severe conditions 
than those prevailing a few years ago. Cavitation is by 
no means restricted to water turbines running under 
certain exacting conditions, but is also im evidence in the 
case of ship propellers. 

Protective measures must include the most careful 
design of the turbine runner blading and the choice of 
the best possible material. It has been found that 
“turbadium ”’ bronze, specially ereated for service in 
ship propellers, as well as certain brands of stainless steel, 
show excellent cavitation-resisting properties. Unfor- 
tunately, the price of these alloys is extremely high, and 
the production of sound castings, both in. turbadium 
bronze and stainless steel, is attended with very con- 
siderable difficulties. Runner wheels work under con- 
siderable stresses and the risk of casting defects would be 
a serious consideration. Complete wheels of these alloys 
would, however, be unnecessarily extravagant béCause 
only a small portion of the wheel, the position of which 
is well known from hydro-dynamic consideration and lies 
at the outer and lower part of the blading, needs protec- 
tion against cavitation. 

The first solution of the problem therefore consists in 
providing the critical region of the blading with a protec- 
tive layer of stainless steel applied by welding on to the 
cast steel basis metal after careful preparation of the 
latter. With careful handling no modification of the pro- 
perties of the stainless steel takes place and wheels treated 
in this way have shown neither cavitation nor other defect. 

The second solution is to cast the runners with blades 
of restricted length and to add tail ends of appropriate 
length and shape in forged stainless steel, so that the whole 
critical region is protected. The junction between the 
cast and stainless steel portions is electrically welded after 
preparation, and finally ground and polished. Fig. 5 
illustrates this method of protection. It has the same effect 
as the stainless steel coating though it is somewhat more 
expensive, but it avoids the large amount of grinding and 
polishing necessary with the first method. 





a D.C. machine. The supply for this motor is from 
rectified A.C., the rectifying equipment being embodied in 
the main control panel, as can be clearly seen in the illus- 
tration. In addition to housing the three rectifying 
valves, the control pillar contains a motor-operated field 
rheostat and line reversing contactors for the two A.C. 
squirrel-cage motors, together with interlocking switch. 
All the motors are remote controlled by push button 
stations at the front of the machine. 








SIXTY YEARS AGO. 





Two contiguous notes in our issue of December 29th 
1876 exhibit a curious contrast both in subject and in 
outlook. The first recalled the days when the Thames 
had been frozen over and London’s inhabitants had gone 
forth to skate on its surface. Modern winters were 
however not what winters used to be. Nevertheless, so 
we recorded, science had been called in with the result 
that at that very moment, in spite of the summer-like 
temperature which prevailed, it was possible to skate on 
the Thames. Mr. Gamgee was the name of the scientist. 
He had for some time been engaged on the problem of 
freezing sheets of water. He had succeeded so 
far that a rink had been opened at Chelsea. Now, we 
reported, he had gone farther and had _ satisfactorily 
frozen the floating swimming bath at Charing Cross. 
A fine sheet of ice 3in. thick and much more elastic than 
that provided at the Chelsea rink was available to skaters. 
It was the largest example of artificial congelation which 
had yet been produced and, in our view, offered a very 
interesting example of what could be accomplished when 
engineers and chemists co-o) ted to achieve a desired 
result.... It is curious that we did not carry the same 
reflection over into the second note. In it we dealt with 
the influence of the weather on patent specifications. 
Inquiring at the Patent Office for a certain specification 
we had, it seems, been told that its publication had been 
delayed because it was accompanied by drawings and 
because such drawings were no longer lithographed but 
‘* photo-lithographed.”’ We protested that it was com- 
monly understood that the great merit of photo-litho- 
graphy lay in the increased expedition with which the 
reproduction could be accomplished. The reply came 
that the dull weather made it impossible to do much with 
photo-lithography at the moment. We argued that that 
was @ serious state of affairs for it was not at all 
uncommon in London to have one or two months with 
not more than one or two bright days. If the publication 
of patent specifications was to be delayed until the sun 
chose to shine sufficiently strongly to permit the drawings 
to be reproduced then, we contended, the photo-litho- 
graphic process should be abandoned and the discarded 
lithographic process reintroduced.... The drawings 
accompanying the patent specifications of to-day continue 
to be reproduced by photo-lithography. The co-operation 
of engineers and chemists has resulted in freeing Messts. 
Malby of dependence upon the sun. 
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Rail and Road. 





Durine the last fourteen years 12,878 route miles of 
railways have been abandoned in the United States. Of 
this total, 1995 miles were abandoned in 1934 and 1843 
miles in 1935. 


On the Great Western Railway two new halts are to be 
built, the first at Ditton Marsh, near Westbury Station, on 
the Salisbury line, and the other at Elson, between 
lillesmere and Qyeston-on-Dee. 


WHEN a London, Midland and Scottish Railway mineral 
train broke in two near Clay Cross, in Derbyshire, on 
December 20th, the rear portion ran back down the 
gradient and collided with another goods train which 
was following. 


On Tuesday, December 15th, the first electric railway 
in Poland was officially opened. It links Warsaw to 
Otwock and Pruszkow, a distance of 40 miles. During 
next year two other sections covering a length of nearly 
100 miles will be put into service. 


THE second of the two Coventry Michelin pneumatic- 
tired railcars has been placed in service in the Rugby— 
Northampton area of the London, Midland and Scottish 
Railways. The first of these railcars was described in 
THe Enarneer of August 14th last. 


Txe locomotive and six of the carriages of a crowded 
train left the rails when travelling near Oudtshoorn, 
between Cape Town and Port Elizabeth in South Africa, 
on Monday, December 21st. The driver and five passengers 
were killed and thirty-five persons were injured. 


FOLLOWING experiments on the Birmingham-Euston 
service of the London, Midland and Scottish Railway Com- 
pany, the name boards on the coaches of its principal 
trains are to be placed in a prominent position on the side 
of the coaches instead of on the roof as formerly. 


AccoRDING to reports, a preliminary survey is being 
made for a new railway in Tanganyika Territory to connect 
the Central Railway at a point between Morogoro and 
Kilosa with the Tanga-Arnsha Railway at or near Korogwe. 
The Electrician says that, as the Tanga line is connected 
with the Kenya Uganda Railway at Voi, such a new rail- 
way would link up all the British East African metre- 
gauge systems. 


ACCORDING to a note in Railway Age, of approximately 
700 million dollars lent to railways in the United States 
by the Reconstruction Finance Corporation and the 
federal Emergency Administration of Public Works’ 
310,176,399 dollars has been collected by the Government» 
either through repayments by the railways or by public 
sales of the railway securities. By this means the Federal 
Government has collected a premium of 4,491,550 dollars. 


A NEw bridge has been built over the Missouri River at 
St. Charles by the Wabash Railway. The new bridge 
supersedes one which was built between 1868 and 1871. 
The structure. comprises a central suspension span of 
624ft., flanked by anchor arms 274ft. and 43Ift. long 
respectively, and a fourth span 312ft. long, the structure 
having a total length of 1645ft. Viaduct approaches at 
either end are 2945ft. and 2286ft. long respectively. The 
superstructure of the new bridge gives a clear headroom 
above high-water level of 45- 5ft. 


ACCORDING to a joint announcement by the Southern 
Pacific, Chicago, and North-Western Railroad and the 
Union Pacific Railroad of the United States, two new light 
weight streamlined oil-electric trains are to be built. The 
new trains will be the largest and most powerful in the 
world. Each train will be 1250ft. long and be made up of 
three power and fourteen other coaches. Each power 
coach will contain two 900 H.P. oil engines directly con- 
nected to generators. The trains are expected to go into 
service early in 1937 and will run between Chicago and 
the Pacific coast. They will be named the ‘ City of Los 
Angeles ’’ and the “ City of San Francisco.” 


THE recently issued report on economic and commercial 
conditions in India givés an outline of the capital works 
programme on the railways for 1936-37. It is stated that 
whilst no actual new projects will be undertaken, some 
24 lakhs of rupees be spent on the continuation of 
new works already under construction. These works 
include the Megna Bridge in Bengal, which, when com- 
pleted, will provide an important link in the metre-gauge 
railways serving North-Eastern Bengal and Assam. It 
is estimated that Rs. 19 lakhs will be required to continue 
the protective works on the Hardinge Bridge and Rs. 12 
lakhs is being allotted for reconstruction work at Quetta. 
Expenditure on rolling stock is estimated at Rs. 318 lakhs. 


Tue Great Western Railway announces that the single 
line from Hatton, near Warwick, to Bearley, near Strat- 
ford-on-Avon, is to be doubled. The length of the doubling 
is about 44 miles, and involves the widening of five bridges 
over public roads, and the extension of one public level 
crossing and the removal of some 27,000 cubic yards of 
earthwork. The up platform at Bearley Station is to be 
extended to 440ft. in length and the down to 550ft. in 
length. The intermediate station at Claverdon is to be 
rebuilt about 150 yards nearer Bearley. When com- 
pleted, the scheme will ver | expedite the working of 
the increasing passenger and freight train traffic passing 
between the Midlands and South Wales, Bristol, and the 
West of England. 


WE have received from the New South Wales Depart- 
ment of Railways the Commissioners’ report for the year 
ended June 30th last. During the year working expenses 
totalled £11,848,070, of which expenditure on improve- 
ment and renewals of rolling stock, track, &c., amounted 
to £1,161,238. The number of passengers carried was 
171,142,729 and the total train mileage 27,701,005. During 
the year the Government decided to proceed with the 
construction of the Sutherland to Cronulla and the Sandy 
Hollow to Maryvale railways. For this work £10,000 was 
provided for preliminary work on the Sutherland to 
Cronulla line and £25,000 for the permanent survey and 
other preliminary work on the Sandy Hollow to Maryvale 
line. New rolling stock included forty-nine steel corridor 
ears and two rail motor trailer cars. Eighty locomotives 
were rebuilt during the year, two engines reconstructed, 


Miscellanea. 





WE regret to note the death of Mr. Joseph Bamford, 
the chairman of Bamfords, Ltd., of Uttoxeter. 


WHEN an explosion occurred in the Pordih Colliery, 
near Asansol, in Bengal, on Friday, December 18th, 
208 persons were killed. The cause of the explosion has 
not yet been ascertained. 


To avoid flooding at Uxbridge and Southall the Middle- 
sex County Council is to spend £59,000 on straightening, 
diverting, and enlarging a mile of the course of the river 
Crane between Isleworth and Twickenham. 


Iw Ceylon the State Council has passed a Bill authorising 
a loan of one hundred million rupees for a four-year plan 
of public works. The scheme includes the construction 
of an oil dock with deep-water quays and irrigation 
schemes. 


Tue hydraulic works at Thessaly, in Greece, have been 
inaugurated. These works are for the purpose of con- 
trolling the flow of the river Peneios and draining Lake 
Karla and will make possible the cultivation of large 
tracts of marshland. 

Tue Powell Duffryn Colliery Company is reopening 
the Navigation Colliery at Mountain Ash early in the 
New Year. This colliery, which was closed four years ago, 
is one of the largest steam coal pits in the Valley, and some 
hundreds of men were formerly employed there. 


As a result of negotiations between the National Council 
of Associated Ironmasters and the National Union of 
Blast Furnacemen the normal working week for men 
employed at blast-furnaces will be reduced from fifty-six 
to forty-eight hours after January 3rd next. 


REPLYING to a question concerning the production of 
petrol by hydrogenation at Billingham, the Secretary 
for Mines said that up to the end of November about 
50 million gallons, or 170,000 tons, of petrol had been 
produced. The amount of coal used during this period 
was 650,000 tons. 


THE Commissioner for Special Areas, Sir George Gillett, 
has invited Lord Portal to act as his industrial adviser 
in the efforts he is making to promote the establishment 
of new industries in the Special Areas. Mr. Frank Hodges, 
Sir Frederick Marquis, and Mr. Hugh Roberts have also 
been asked to associate themselves with Lord Portal in 
this work. 


Aw American firm has developed what is called a ‘‘ safety 
head ” to protect pressure systems in the same manner as 
fuses protect electrical circuits. The safety head consists 
of a set of special flanges, which can be fitted to existing 
pressure vessels and between these flanges is clamped a 
diaphragm which is so made that it will burst and relieve 
pressures at any predetermif€d safety limit. 


Ty an article on the reclamation of foundry sands in the 
Iron Age, Mr. L. B. Knight states that steel foundries 
which are not equipped to reclaim their used sands report 
that they require from 1800 lb. to 2500 lb. of new silica 
sand per ton of good castings produced. A number of 
steel foundries using reclamation equipment state that 
their new silica sand consumption per ton of good castings 
is from 450 lb. to 800 1b. In addition, it is said that the 
latter require 50 per cent. less clay or bentonite, have lower 
cleaning costs, and obtain better castings. 


For some time experiments have been carried out at 
Medicine Lake, near Watertown, in the United States, to 
find a means of making concrete resistant to alkali salts. 
According to a note in Engineering and Contract Record, 
‘** Although the experiments are by no means finished, it 
already has been shown that concrete products cured at a 
temperature of 100 deg. to 150 deg. Fah. can be made 
much more alkali resistant at small cost by adding calcium 
chloride to the mix. Concrete tiles made and cured by 
this method are still after three years in Medicine 
Lake. Similar tiles without this treatment went to pieces 
in less than a year. Still other ways of making concrete 
products more alkali resistant have been developed, but 
few of them are as inexpensive as the use of calcium 
chloride, in conjunction with moderately high curing 
temperatures.” 


An official specification has been drawn up by the 
Central Committee of the Mining Association in connection 
with the prize of £500 which is being offered for the best 
design of an automatic safety lamp. The lamp will be 
required to give an unfailing signal of the presence of 
fire-damp, and also provide the maximum light for working 
at the coal face. The specification says that, amongst 
other things, the lamp must be of robust and simple 
construction, readily portable, and comparable in this 
respect with a miner’s hand lamp. The alarm must give, 
automatically and reliably, under normal working con- 
ditions, a signal to denote the presence of fire-damp 
through as wide a range as possible. Preference will be 
given to an alarm capable of indicating the lowest per- 
centage of fire-damp. The alarm must operate within 
two minutes and must operate by reason of fire-damp only. 


A NOVEL method for the application of preservatives to 
timber is suggested by a German patent and is described 
in the Chemical Trade Journal and: Chemical Engineer. 
The feature of the method is that plugs, dowels, screw 
plugs or the like made of wood are introduced into the 
timber. The plugs are impregnated with water-soluble 
substances, such as an aqueous solution of potassium 
fluoride, which serve to protect the surrounding wood 
against rot, insects, ready inflammability, or the like, the 
water-soluble substances being present in proportions of at 
least several times the amount required for protecting the 
wood of the plugs permanently against wood-destroying 
pests. The preservative spreads in dissolved form in the 
wood, thus causing the preservative, as soon as the wood 
is sufficiently moist, to be distributed throughout the wood 
by diffusion or osmosis without the application of any 
further expediénts provided that the wood is exposed to 
water or a hygroscopic preservative is used. Any kind of 
wood, for instance, beech or pine, may be used for manu- 
facturing the plugs, provided they can absorb the required 
amount of preservative. The use of hard wood, such as 





Air and Water. 





A NEW air service between Lisbon and Stuttgart has 
been inaugurated by Lufthansa. The route is «4 Burgos, 
Marseilles, and Geneva. 

THe fourth of the “I” class destroyers, H.M.S. 
st into, ! has been launched at Cowes. The remaining 
four will be launched by the end of next February. 

A TECHNICAL commission is investigating various sites 
for the establishment of a harbour for the flying boats 
of the new Empire air mail service at Durban in South 
Africa. 


Tue Admiralty announces that Rear-Admiral Alfred 
E. Evans has been appointed Rear-Admiral in Charge 
and Admiral Superintendent, H.M. Dockyard, Gibraltar, 
in succession to Vice-Admiral James M. Pipon. 


As a result of the recent reorganisation of the Italian 
mercantile marine, which is to come into effect on January 
Ist, the rapid steamship services between Genoa and 
Cape Town hitherto run by the Italia and Libera Triestina 
companies, are to be transferred to the Lloyd Triestino 
line. 


Tue First Lord of the Admiralty recently stated in the 
House of Commons that orders were to be placed for new 
machinery for H.M.S. ‘“‘ Queen Elizabeth”’ and H.M.S. 
“ Valiant ” with the Fairfield Shipbuilding and Engineer- 
ing Company, Ltd., and Parsons Marine Steam Turbine 
Company, Ltd. 


On February 19th next the Secretary of State for Air 
is to open an Exhibition of Airports and Airways at the 
Royal Institute of British Architects. The Exhibition 
will deal with civil flying and consist of photographs. 
models, and diagrams. It will afterwards be shown in a 
number of other towns in this country. 


Ir is estimated that the value of naval orders now in 
hand on the Tyne amounts to about twenty million 
pounds. The orders include, one battleship, four cruisers. 
eight destroyers, and a number of machinery contracts. 
This year twenty-nine vessels have been built on the Tyne 
and over thirty ships are under construction or on order. 


In the United States the trans-Florida canal connecting 
the east and west coasts vid the St. Lucie River, Lake 
Okeechobee, and the Caloosahatchee Canal, is expected 
to be opened early in January next. The route from the 
Atlantic Coast to the Gulf of Mexico will be about 140 
thiles long, and the new canal will have a minimum depth 
of 6ft. and width of S0ft. 


By invitation of the Swedish Government a conference 
of naval experts representing Sweden, Norway, Denmark, 
and Finland, was opened at Stockholm on December 18th. 
The Times correspondent says that the conference is 
to discuss the proposals of the British Government for 
the adherence of the Northern countries to the principles 
of the London Naval Treaty. 


THe Shaw Savill liner “‘ Ionic ’’ has been withdrawn 
from service and sold to shipbreakers after more than 
thirty-three years in the London—New Zealand trade. 
In the course of her service this ship has made seventy- 
nine round voyages between this country and New Zealand, 
and steamed about two million miles. This ship is of 12,352 
tons gross, and was built in 1902 by Harland and Wolff, 
Ltd. 


In the course of a recent address, Mr. C. Pearsall pointed 
out the inferiority of United States merchant shipping 
on the South American and West Indian lines. He said 
that the present merchant fleet of the United States in 
foreign trade had an average age of seventeen years: 
by 1940 or 1941 over 90 per cent. will be more than twenty 
years old. In ships with speeds of 12 knots and upward 
the United States is fifth among the six leading maritime 
nations, being outranked nearly five to one by Great 
Britain. 

Wuart is said to be the world’s largest oil-engine- 
propelled fire boat is being built for the city of Chicago. 
It is 90ft. 6in. long, 22ft. 4in. broad, and has a moulded 
depth of 11ft. The pump capacity at 150 Ib. pressure is 
7500 gallons per minute, and at 300lb. pressure 3750) 
gallons per minute. The boat has five oil engines, two 
forward and three aft. The forward pair are for pump 
drive only, and the wing engines of the after group are 
for both pumping and propulsion, and the centre unit 
is for propulsion only. Each of the engines is rated at 
250 H.P. at 1000 r.p.m. 


Tue United States Navy Department intends to order a 
new floating dry dock for Pearl Harbour. The dock, 
which will require some 30,000 tons of steel to build, will 
be 1016ft. long, 165ft. broad, and have a height of 75ft. 
from the keel to the top deck. The displacement is esti- 
mated at 45,000 tons and the dock is to be so designed that 
it will be possible to tow it at speeds up to 10 knots. The 
estimated cost is fifteen million dollars. Only one firm 
sent in estimates for the construction of the dock, and 
their lists were rejected because they exceeded the ten 
million dollars voted for the work. The estimates quoted 
by the one firm varied from sixteen and a half million 
dollars to over twenty-one million dollars. The United 
States Navy Department intends to ask for an increased 
appropriation at the next session of the Congress. 


Ir is understood that in the spring of next year mails 
are to be flown over the western sections of the trans- 
Canadian air mail route between Vancouver and Winnipeg. 
Arrangements have been made to open the entire route 
across the continent for traffic in July next. Five power- 
ful radio beacons have now been erected on the Prairie 
sections, and sixteen air ports and landing-fields have been 
provided between Vancouver and Lethbridge. When the 
entire trans-Canada route is completed there will be 
landing-fields every 25 or 30 miles. The route across 
Canada runs east from Vancouver to Lethbridge, vid 
the Crow’s Nest Pass; then on to Winnipeg and across 
Northern Ontario to Cochrane; and then south to 


Elmsdale, Ontario, where it divides into two branches, 
one going on to Toronto and the other to Montreal. From 
Montreal the route crosses the State of Maine to St. John 
and Moncton, while another branch from Moncton will 








and 291 engines repaired. 





beech wood, is especially recommended. 


go on to Halifax, Nova Scotia. 
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THE NAVY AND ITS CRUISERS. 


ExactTLy a fortnight before the day on which 
they were doomed to disappear from the Navy 
List, the five “ C ” class cruisers due to be scrapped 
under the terms of the London Naval Treaty of 
1930 were reprieved. On Thursday last, December 
17th, the First Lord of the Admiralty announced 
in Parliament that he hoped in the course of the 
next few days to convey to the Governments of 
the United States and Japan an official intimation 
of Great Britain’s intention to have recourse to 
Article 21 of the Treaty to retain these ships. “ In 
view of the deterioration of the general inter- 
national situation,” said Sir Samuel Hoare, “ this 
is obviously not a moment at which any Power 
would wish to scrap serviceable vessels.” The 
Government's decision has been warmly approved 
in all responsible quarters. Prominent members 
of the Opposition, such as Mr. A. V. Alexander 
and Mr. G. Hall, both of whom held office at the 
Admiralty under the Labour Government which 
was responsible for the Naval Treaty in question, 
had previously declared that the terms of the 
Treaty did not require us to discard the five ships. 
It is true that we bound ourselves not to exceed 
an allowance of 339,000 tons of completed cruisers 
by December 31st, 1936, and that the retention 
of the five ships represents an addition of about 
20,000 tons to this figure. But in the memorandum 
on the supplementary Navy Estimates of 1930, 
signed by Mr. A. V. Alexander as First Lord, it 
was expressly stated that our acceptance of such 
@ low standard of strength in this and other ship 
categories was conditional on an all-round reduc- 
tion in the corresponding categories of other 
navies. The fact that no such reduction has taken 


matically of our obligation. But, in truth, the 
time has gone by for staking national defence on 
dialectical or legal niceties. When the 1930 Treaty 
was negotiated the international horizon was 
reasonably clear, and certainly not menaced by 
the storm clouds which overhang it to-day. Even 
so, it was a grave mistake, as we said at the time, 
and as we have ever since maintained, to accept 
a treaty which arrested normal development of 
our naval defences for a period of six years while 
leaving all the other Powers virtually free to expand 
their fighting fleets without hindrance. Most 
fortunately that period ends on December 31st, 
and the preliminary action necessary to restore 
the Fleet to a standard of strength commensurate 
with its responsibilities has already been taken. 
It remains to be seen whether “ the years that the 
locust hath eaten’ can be made good. The 
enthusiasm with which the decision to keep in 
service five small cruisers which are now entering 
on their twentieth year-has been greeted is the 
measure of our weakness at sea. 
The reprieved ships are the “ Cardiff,” “ Ceres,” 
“* Caledon,” “ Calypso,” and “ Caradoc,” all built 
under the war programme and completed in 1917. 
The first two have a displacement of 4290 tons, 
and the others 4180 tons. All have machinery 
of 40,000 S.H.P. for a speed of 29 knots, but it 
is very doubtful whether any of the ships could 
reach that speed to-day. They have a uniform 
armament of five 6in. guns, two 3in. A.A., many 
smaller guns, and eight torpedo tubes. Quite 
apart from their age these vessels are greatly 
inferior in seaworthiness, speed, and armament 
to the vast majority of foreign cruisers, and in 
the event of war they would be unsuitable for work 
with the Fleet. But for convoy escort and other 
subsidiary duties they would be not merely useful, 
but indispensable in view of the Navy’s serious 
shortage of cruising ships. It may be recalled 
that the scrapping of these particular vessels 
was not decreed by the Treaty of 1930. That 
instrument required us to discard, before the end 
of the present year, the four cruisers of the 
“* Hawkins ” class on the ground that, being armed 
with 7-5in. guns, they came within the category 
of “A” type ships and would, if retained, give 
us an excess of tonnage in that category. Some 
months ago, however, the Admiralty decided to 
keep three of these useful vessels, whose size, 
speed, and excellent seakeeping qualities fit them 
admirably for the réle of commerce protectors. 
To legalise their retention it was proposed to 
rearm them with 6in. guns and thus transfer them 
to the “B” type category. This change of 
armament is to be effected in the “ Hawkins,” 
‘ Frobisher,” and “‘ Effingham,” while the fourth 
unit, ‘ Vindictive,” has been demilitarised and 
will relieve the “‘ Frobisher” as a training ship 
for naval cadets. But the retention of these ships 
made it necessary, or so the Admiralty was advised, 
to discard an equivalent amount of tonnage in 
some other class of cruiser, and so the “ Cardiff ”’ 
and her sisters were condemned to the fate from 
which they have just been saved. It is satisfactory 
to learn that neither the United States nor Japan, 
as the only other signatories to the relevant section 
of the Treaty, has raised any objection to our 
action in this matter, though it is only to be 
expected that each will retain a proportionate 
sum of tonnage in excess of their Treaty quotas. 
In consequence of the Government’s decision we 
shall begin the New Year with a total, for the 
whole Empire, of fifty-three completed cruisers, 
only twenty-six of which are of post-war con- 
struction. It is impossible to regard this force 
as adequate to cope with a serious emergency, 
and in spite of the new naval programme several 
years must elapse before its strength can be 
raised to the standard fixed by the Government 
in the White Paper on Defence circulated last 
March, namely, sixty under-age and ten over-age 
cruisers. During the coming year there are due 
for completion the sister ships ‘“ Southampton,” 
‘“* Newcastle,” “Glasgow,” “Sheffield,” and 
“ Birmingham,” of 9000 tons, with a designed 
speed of 32 knots and an armament of twelve 
6in. guns, eight 4in. A.A., twenty-two smaller 
pieces, and six torpedo tubes ; also the ‘“ Aurora,” 
the last unit of the “‘ Arethusa ” type, of 5200 tons, 
with a speed of 32} knots and an armament of six 
6in., eight 4in. A.A., sixteen smaller guns, and six 
torpedo tubes. The delivery of these six vessels 
will increase the cruiser total to fifty-nine, while 
still leaving us with only thirty-two of post-war 
design. There will then remain under construction 
five more ships of the 9000-ton type—“ Liverpool,” 
‘** Manchester,” ‘‘ Gloucester,”’ “‘ Belfast,” ‘‘ Edin- 


5000 tons, all of which should be in commission 


three years hence. Allowing for the existing ships 
that will become over-age in the interval, seven 
further cruisers must be provided for in next 
years’ Estimates and the same number in 1938 
if we are to attain the agreed strength of sixty 
under-age cruisers within a reasonable time. 
Even then this total will include several ships 
which remain under the age limit only because, 
although begun during the war, they were pro- 
ceeded with at a very leisurely rate and not com- 
pleted until some years later. Thus, cruisers 
such as the “ Emerald,’’ ‘‘ Enterprise,” “ Effing- 
ham,” and “ Frobisher,” all of which took eight 
years to complete, are of obsolescent design in 
spite of their remaining officially under age. 
Among the leading fleets the British has by far 
the highest proportion of over-age cruisers, its 
percentage being 40 as compared with 4 for the 
United States, 12 for Japan, and 23 for France. 
This disadvantageous position is the result of 
many years of short-sighted economy, a policy 
which the trend of world affairs has at last com- 
pelled us to reverse. 

A further Admiralty announcement heralds 
the expansion of the Battle Fleet. Tenders are 
shortly to be invited for the construction of capital 
ships to be laid down in 1937, additional to the 
two vessels, “‘ King George V ” and “ Prince of 
Wales,” on which work is to be started next month. 
How many new ships are to be ordered, subject to 
parliamentary approval, is not yet known to the 
public, but it is anticipated that not less than 
five units of the “King George V” type will 
be built. At the same time, it is fairly obvious 
that the whole of our fifteen existing capital 
ships are to be retained indefinitely, since very 
large sums have been, and are being spent, on 
modernising them—£2,114,214 in the case of the 
“‘ Warspite ’—and contracts for new propelling 
machinery for the ‘Queen Elizabeth” and 
** Valiant ” are about to be placed with the Fairfield 
Shipbuilding and Engineering Company, Govan. 
and the Parsons Marine Steam Turbine Company, 
Wallsend-on-Tyne, respectively. At the Washing- 
ton Conference fifteen years ago the British 
Commonwealth agreed to restrict itself to twenty 
capital ships, and at the London Conference of 
1930 the total was further pruned down to fifteen. 
In view of our world-wide responsibilities this 
strength is manifestly insufficient, and we welcome 
the decision to increase it. All save three of our 
present capital ships have passed the former age 
limit of twenty years, and though this limit has 
since been raised to twenty-six years the effect 
of the extension hasbeen largely offset by the 
numerous new ships now building and _pro- 
jected abroad. If the capital ship is as vital to 
national defence as the Admiralty believe it to 
be, this Commonwealth should not be content 
with less than twenty-five of these units, for it is 
quite on the cards that the development of world 
affairs may compel us, sooner or later, to main- 
tain a battle squadron in waters other than those 
of the Narrow Seas and the Mediterranean. 


The Use of Books. 


Ir is said that Kelvin hardly ever read books, 
but relied on conversation. Kelvins are few, and 
others are many. To his mind the scant particulars 
that could be transmitted by word of mouth 
were sufficient. He could build up from a single 
bone a whole mastodon of understanding. A hint 
was sufficient to set in motion a long train of 
thought. That is possible to a great scientist in 
the realm of science ; but it is not possible to lesser 
scientists ; and in another sphere is the negation 
of scholarship. Moreover, the number of men who, 
like Kelvin, are in constant contact with others of 
their own class is relatively small. One may 
imagine the president of a great society reading 
little about the subjects proper to the society. He 
learns all he needs by conversation with his 
brother councillors. But the mass of members is 
not in that position. They must rely very largely 
upon reading to keep themselves informed, not 
only about the important events taking place in 
the world, but about the technical, scientific, and 
economic background and significance of those 
events. That is particularly true of men who have 
to work in secluded occupations. The draughtsman, 
for example, who is pinned to his board day after 
day has but few opportunities, outside those 
provided by the literature of his profession, of 
learning what is being done by others in his own 
field, and still less of expanding his mind and 
interests by entering other fields. Men in such 
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and of books, and, when they are wise and can 
make the time, they broaden their reading to cover 
subjects outside those within their daily round. 
When the importance of reading is remembered, 
it is astonishing how few use libraries and how few 
have the skill of books. From the report of the 
proceedings of the Thirteenth Conference of the 
Association of Special Libraries and Information 
Bureaux we learn that in a junior college for 
women in America, special training and encourage- 


ment in the use of books is given. If that is done. 


in any college in this country, we have not heard 
of it. No doubt tutors and teachers at the univer- 
sities do give their pupils some instruction in the 
use of the college libraries, and Sir J. J. Thompson 
in his delightful reminiscences, just issued, observes 
that literary research is increasing. But, speaking 
generally, it may be said that discouragement is 
more usual than encouragement. Each professor 
writes his own text-book—particularly in America 
—and the students are expected to use it; they 
have, often enough, no inducement to use others. 
It is only when they have completed their normal 
course and are taking up research that the need to 
read comes to them. No report on a research is 
nowadays complete without a bibliography, and 
that means, or should mean, that the worker has 
studied and understood the papers and books 
which he quotes. It is questionable if much 
ability to use books is so acquired. This ability 
is interpreted by the American college already 
mentioned as “ First, the ability to use such mecha- 
nical features of books as the index, the table of 
contents, maps, tables, footnotes, &c.; Second, 
the ability to use such library and other reference 
aids as the card catalogue, the Readers’ Guide to 
Periodical Literature, dictionaries, encyclopzedias, 
&c.; third, the ability to read silently with under- 
standing and with a reasonable degree of speed.’’ 
A very good interpretation as far as it goes; but 
missing the greatest of the abilities, that almost 
intuitive knowledge of where to look for informa- 
tion which is possessed by booky men. Perhaps the 
most important of the listed abilities is the knowing 
how to use an index, whether it be in the volume or 
on cards. Miles of columns of type have been 
printed on that subject and a score of schemes has 
been propounded. The object is always the laud- 
able one of making a search easy. The difficulty 
is that very few people will take the pains to under- 
stand an index before they attempt to make use of 
it. It is said that the index mind is required, and 





that few people have it. They expect to be led 
straight to their desire. They are like the country- 
man, asking a Strand policeman to direct him to 
the “ Hollies.” By custom we address our envelopes 
in an irrational way. The country should come 
first, then the city, then the street, the number in 
the street, the name, and, lastly, the initials— 
rather hke a War Office requisition. To use a 
classified index that order must be followed—first 
the greater divisions and then the subdivisions 
in descending order to the one required. Perhaps 
in the junior college for women in America they 
are already teaching that principle side by side with 
the “ ability to read silently.” 

But the ability to use an index is not the 
beginning and end of the use of books—or it should 
not be. Works of reference excepted, it may be 
said that anyone who only uses them by their 
indexes never knows what they contain. To do 
that it is necessary to read with at least as much 
care as @ good reviewer gives to them. It is quite 
true that now and again one may come across men 
who seem to have the knack of picking all the best 
and essential parts out of a volume in next to no 
time. Probably that is because they have acquired 
the habitude of books. The sort of intuition to 
which we referred above has grown up in 
them. They can pick up a volume on some intri- 
cate scientific or engineering subject, and go by 
instinct to the pages on which the author has 
departed from precedent. It is only after long 
years of book reading that one can hope to do that. 
The ordinary reader has to read laboriously, 
chapters at atime. And he has our profound sym- 
pathies. There are far too many books. One 
text-book every five or ten years on technical 
subjects would be plenty, and they appear by 
scores, particularly from American presses. 
few standard books, as Mr. Wells has recently 
suggested, revised at intervals, with a good repre- 
sentative Press recording the steps of progress, 
would meet all the needs. No one has ever pro- 
duced a better work on thermodynamics than 
Ewing’s. Why should there be a constant 
flood of books on the same subject? It is the 
same with other subjects, even if the authors 
are not always so clearly defined. Someone 
ought to do for engineering as others have done 
for literature, produce a list of the Hundred Best 
(Text) Books ; only that a hundred would be at least 
twice too many. Then one might have time to 
read and know them. 








Letters to 


the Editor. 


(We do not hold ourselves responsible for the opinions of our correspondents.) 


RAILWAY ELECTRIFICATION. 


Sir,—In view of the opinion expressed, or at least 
implied, by Mr. J. E. B. Sams in your correspondence 
columns on November 20th, that the Southern Railway 
could have obtained equally favourable financial results 
by the inauguration of steam services of the same frequency 
as the present electric facilities ; in amplification, too, of 
the remarks of Mr. Charles Rettie in your current issue, it 
seems desirable to deal much more fully with the very 
great economies to be attained by electrification under 
intensive conditions. 

According to the graph on page 29 of the Weir report, 
the average saving per train mile due to conversion is 
10-88d. (excluding interest and maintenance charges, 
except those pertaining to tractors). For a train mileage 
of 28,300,934 (the figure for electrically hauled services on 
the S.R. during 1935), this would amount to some 
£1,283,000, from which would have to be deducted fixed 
charges at the rate of some £322 per running track mile 
per annum to cover interest, maintenance, and renewals 
for electric track equipment, interest on alterations to 
way and works, and maintenance and operation of sub- 
stations. 

Figures given on pages 437, 438, and 442 of the “ Rail- 
way Year Book ” for 1936-37 indicate that the position 
is even stronger, and certainly lend no support to the 
suspicions which Mr. Richardson has expressed about the 
Weir report. 


Haulage Costs in Pence per Train Mile on the Southern Railway 
during 1935. 


Running costs. Steam. Electric. 
Wages connected with locomotive 
running ... ... aes poss. oi ee 1-96 
Fuel or electricity 7-92 6:65 
Water, lubricants ...... 0-59 0-04 
Stores and miscellaneous 0-45 0-03 
19-63... 8-68 
Superintendence of locomotives 0-45... 0-15 
Maintenance— 
Locomotives ... ... ... 1. ... 4°69 2:02 
Electric track equipment ...... —-  ... 0-21 
24-77 11-06 


As less than 20 per cent. of the steam-hauled train miles 


+ 





on the S.R. come within the category of freight, it seems 
probable that the above statistics apply with reasonable 
accuracy to the passenger services. Only items affected 
by electrification have been dealt with. Thus no allow- 
ance has been entered for depreciation of tractors, since 
the charge is almost identical for steam and electricity 
(Weir report, page 21, § 15). The respective charges for 
superintendence of locomotives have been estimated from 
a@ comparison of the cost obtaining under this heading on 
the S.R. and the much higher figures applying to the other 
three groups. 

The gross economy over steam services of like frequency 
thay therefore be as high as £1,616,000 per annum, whilst 
interest charges, if levied only on the difference between 
the £16,000,000 spent on electrification and the cost of 
an equivalent modernisation and intensification under the 
system of steam, and if loans had been available at 3 per 
cent., might have been as low as £300,000. 

With steam-hauled services, moreover, one May surmise 
that public confidence would have been much harder to 
obtain than with electricity, in view of the much greater 
inducement that would obviously exist for the company 
to reduce the frequency of any service failing to evoke a 
speedy increase in traffic. Electrification has been found 
to bring an immediate response, in itself sufficient to ensure 
success, and figures such as those of Mr. Sams which pass 
over this initial fillip give a wholly misleading impression. 
If, on the other hand, the Southern Railway’s steam 
services were as bad as Mr. Richardson makes out, it 
might well have taken the compaty some years to acquire 
a better name, even after introduction of the most modern 
and efficient steam-hauled trains. The quantity of smoke 
and steam, too, to which they would have given rise in 
converging in stich numbers on the London termini would 
quite possibly have constituted a serious deterrent to the 
attraction of fresh traffic. 

In this connection, I can assure Mr. Richardson that 
any power station which is equipped, like that at Battersea, 
with an efficient smoke-eliminating plant, will cause little 
more atmospheric pollution than a single goods engine 
in full blast. Probably the abatement of steam is almost 
as importarit as that of smoke, since it is not unknown for 
a4 mist to be dissipated in drifting over London, pro- 





vided the speed is neither too fast to allow it to be warmed 
by the heat of the town nor so slow as to permit the forma- 
tion of a pall of smoke. 

[ have noted with interest Mr. Richardson’s figures in 
regard to Welwyn Garden City, but. think it should be 
pointed out that the Welwyn Garden City Trust did not 
commence its activities till 1920, the station being opened, 
I think, the following year, and that the incfease of traffic, 
which Mr. Richardson ascribes to the adequacy of the 
steam services, may in reality signify rather the focusing 
or partial focusing of suburban development in that zone 
upon a particular centre. However, I have no specific 
information on this point. 

Similarly, I have not, for the moment, any further 
information regarding the comparative tractive efforts of 
“Garratt” and electric locomotives. But I hardly see 
why the practical tests to which I referred should be 
regarded as of little significance. Nor do I see why a 
portion of the evidence adduced by Mr. Rettie concern- 
ing the respective haulage capacities of steam and electric 
tractors should be deemed invalidated by the fact that 
electrification has failed to pay on the Milwaukee and 
St. Paul Railroad. The discussion about tractive efforts 
arose in connection with the Sheftield~Manchester section 
of the L.N.E.R., conveying some 9,500,000 trailing ton 
miles per track mile per annum, a figure which must be 
immensely in excess of the load on the Rocky Mountain 
section of the Milwaukee and St. Paul. How electrifica- 
tion may result in a loss of 12-5d. per train mile at a 
density of only 1,000,000 trailing ton miles per track mile 
per annum, and may yet effect a saving of 7-0d. per train 
mile, after allowing for interest at the high rate of 5 per 
cent., for densities of 6,000,000 such units, is made perfectly 
clear by the graph on page 29 of the Weir report or page 106 
of the ‘‘ Proceedings’ of the Institution of Civil Engi- 
neers (Vol. 236), from which the following figures are culled : 

Loss or Saving due to Conversion (Pence per T'rain Mile), 

Millions of Trailing Ton Miles per Track Mile per Annum. 

Traffic density. Loss. Saving. 
: 0-7 
2 gre 0 tH RS 238 


Om So te ke 
oe 
cs 


6 ‘ — 7-0 


The figures are, of course, only approximate, and subject 
to appreciable variations according to local conditions. 
They explain, nevertheless, why improvements relating 
to steam might justify wholesale abandonment of schemes 
for converting lightly worked lines abroad, yet not in 
our own country, where average traffic densities are 40 
much greater. 

Statistics of actual operating costs given on page 75 
of the “ Proceedings” of the Institution of Civil Engi- 
neers (Vol. 236) indicate that for suburban services electric 
traction will effect a saving even where the electrically 
hauled traffic density is as low as 1,665,000 units, as in the 
case of the Tyneside lines. I must make it clear, however, 
that my own proposals do not entail a system of electrified 
suburban services interspersed with steam-hauled goods 
traffic as discussed by Mr. Richardson. The whole scheme 
has been devised so as to obviate the disadvantages of 
mixed working, and provide an electrified system com- 
prising in itself an economic unit that would not call for 
continuous extension and that would be capable of coping 
with main line and suburban passenger traffic by day 
plus long-distance goods traffic by night. Here, again, I 
must point out that this is by no means the only provision 
for goods traffic that I have in mind. In my first letter, 
appearing in your issue for September 11th, I remarked 
that unconverted routes could be used as relief lines for 
goods, interspersed with essential services of local trains 
and light semi-expresses. 

I must add, however, that like ‘“ Selec,’’ I am by no 
means convinced that the difficulties of fitting in goods 
trains and intensified passenger services are really insur- 
mountable. During August, September, and October of 
1925 there was an interesting exchange of letters in T'he 
Times between Lord Monkswell and Sir Sam Fay, regard- 
ing the feasibility of running 70 mile an hour services to 
Scotland and our principal towns. Sir Sam Fay depre- 
cated the proposal on grounds of potential danger to 
passengers, strain on the engine crews, difficulty of finding 
time paths for fast trains, and delay to which other services 
might be subjected. Yet all these difficulties appear to 
be at last in process of solution, and, for my own part, 1 
should interpret Mr. Cox’s address as implying that 
difficulties such as have been experienced on the Southern 
Railway are capable of solution, too. I appreciate, of 
course, the preponderance of goods traffic in the North, 
but feel that, with the help of the low-speed, non-elec- 
trified grid, the problem should be not insuperable. 

With regard to Mr. Richardson’s suggestion that the 
additional percentage return on electrification schemes 
should be computed in relation to the total amount of 
capital sunk in the stretches of line concerned, I must 
confess myself completely at a loss. If the increased 
earnings were due to a general improvement in traffic 
returns, such an attitude might be justified. Actually, 
however, the general tendency as between 1929 and 
1935 has been a diminution that would have been much 
more serious but for the increase on electrified sections : 


Passenger Receipts (1929=: £100). 


8.R. All Britain. 
1930 97-6 ... 96-0 
1931 91-9 89-2 
1932 85-2 83-9 
1933 87:6 84-3 
1934... 89-4 85-8 
1935... 92-1 87-5 


The increase of £801,000, or 13 per cent., cited by Mr. 
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Cox, for example, stands out from a period when steam- 
hauled passenger receipts increased only fromm £8,514,669 
to £8,793,365, or 33 per cent., a figure which entirely 
negatives the suggestion that equivalent improvements 
would have taken place under a continuance of steam— 
unless, indeed, under the stimulus of intensified services, 
such as I have already shown to be enormously more 
costly to run by steam than by electricity. 

At a time when millions are being poured out on the 
improvement of roads, surely it is not in the railways’ 
best interests to seek in any way to minimise the huge 
return that may résult from judicious capital expenditure, 
or to argue that, because the railways have spent foolishly 
in the past, therefore they must not spend wisely now. 

I am greatly pleased that Mr. Richardson should 
endorse my proposal for a further official inquiry into the 
whole matter, but would point out that electrification, 
at least of suburban services, was strongly pressed on the 
railways also by the Royal Commission on Transport in 
1931 (Final Report: ‘The Co-ordination and Develop- 
ment of Transport,”’ Cmd. 3751). ‘To quote paragraph 136, 
page 39 :— 

“*... it would be greatly to the interests of the rail- 
way companies, and at the same time tend to the great 
convenience of the public, if all suburban services were 
electrified, not merely in the London area, but in every 
district where there is intensive suburban passenger 
traffic,” 

I venture to entertain the hope that any Commission 
investigating the possibilities of conversion in relation to 
a rationalised railway system would be even more emphatic, 
and I should be very glad to get in touch with any of your 
readers willing to support such a suggestion. 

K. H. Jounston. 

99, Clifton-road, London, 8.E.25, 

December 19th. 


WHAT’S WRONG ? 

Sur,—-Your leader of to-day is opportune. I have had 
more than forty years of varied experience in responsible 
drawing-office, shop, and administrative positions with 
large and small éngineering firms, and since my appren- 
ticeship have never had a job that I was not asked to 
take on without having to ask for it myself. I have also 
seen something of engineering in Germany, France, 
Belgium, and Switzerland, talking in their own language 
to workmen, managers, and owners. 

I think I know at least one of the more important things 
that is wrong in this country, and that is that the men at 
the very top either cannot or will not take the trouble to 
find out for themselves what quality of human material 
is available in their own establishments. The finding out 
of this supremely important matter is left to sub- 
ordinates, whose judgment is often restricted by narrow- 
ness of outlook or warped by personal considerations of 
self-interest. 

It is safe to say that a man of the right type at the head 
of a firm can find ample material of the right kind if he 
will look for it himself, exchanging a few friendly words 
as he passes through shop or office with any man that his 
own discerning eye may spot as giving promise of possible 
value, while, to avoid jealousy, speaking to others here 
and there at random. No one will resent this except those 
who want to keep the best men out of sight, and such are 
better outside the gates in any case. 

December 18th. M.B.E., Not B.Sc. 


Srr,—I suggest that reference to your advertisement 
columns furnishes an answer to the query in the leading 
article in your current issue. Thus, taking examples at 
random, a young and versatile engineer salesman is 
required for the West Indies; highly qualified assistants 
at about £3 per week are required by Catchment Board ; 
designer draughtsmen (unpensionable) at £4 per week are 
sought by Woolwich Arsenal; and an aircraft firm seeks 
toolroom fitters at Is. 74d. per hour. 

If the above are typical of the wages offered to the rank 
and file at a time of acute labour shortage, does it not 
behove young men carefully to consider what their pro- 
spects would be were conditions reversed ? A lead by the 
engineering institutions would probably be helpful. 

Westminster, December 18th. H. H. Brovenron. 


PREDICTING EARTHQUAKES AND AURORAS. 


Sir,—You asked me to report to you in due course 
whether the predictions of Mr. E. C. Thrupp, in his letter 
published 6n pages 212-3 of the issue of THz ENGINEER 
for August 28th last were verified. 

Mr. Thrupp predicted that there would be substantial 
maghetic disturbances in the periods August 30th- 
September 7th and November 11th-26th. There were no 
disturbances in the first of these periods. During the 
second there was a small disturbance on November 11th 
and periods of general unsteadiness from November 15th 
to 19th. But otherwise conditions were quiet throughout 
the whole period. Neither of the periods was remarkable 
or abnormal in any way. 

No aurore were seen, but the latitude of Greenwich is 
rather low for good displays of aurorx, and neither auroral 
nor seismological observations aré made at the Observa- 
tory. 

The following information about earthquakes has been 
provided by the Director of the Kew Observatory. 

The months of the year were divided into decades and 
for each run of ten (or eleven days) the number of shocks 


counted. The number of shocks accompanied by long 
waves, with amplitude of 25 4 or more, were also counted. 

The number of shocks in the ten days preceding 
Novethber Ist was excessive, but immediately afterwards 
there was a lull and from November 3rd to 11th not a single 
earthquake was recorded at Kew. Mr. Thrupp did not 
forecast this drop, and so it is doubtful how much credit 
should be given for the excess in October 2lst-31lst. The 
twenty-one days, October 21st-November 10th, produced 
seventeen earthquakes, not an outstanding number. 
Between June Ist and 20th and also between August 21st 
and September 10th there were twenty-five earthquakes. 
However, there were fiye considerable shocks in the period 
October 2lst-November 10th, covered by Mr. Thrupp’s 
forecast—more than in any other twenty-day spell, with 
the exception of April 1st-20th, when there were also five, 
ineluding the largest recorded at Kew (Celebes earth- 
quake, April Ist). 

The Director of the Lerwick Observatory has sent me a 
report of the observations of aurore at Lerwick. On 
August 30th-3lst no observations were made. No 
aurore were seen during the period September Ist to 7th, 
with the exception of a weak glow on the night of Sep- 
tember 7th, but moonlight and clouds made conditions 
unsuitable for good observations. In the second period 
slight activity was seen on November 11th and 18th, and 
a glow on November 15th, 16th, 17th. No aurora was 
seen on November 12th and 19th, when conditions were 
favourable. On the 26th no aurora was seen, though 
moonlight would have masked a faint glow. On the other 





Between September 7th and November 11th (i.e., between 


during the two periods specified by him does not seem to 
have been fulfilled. 


predictions, and of great earthquake activity at other 
times not predicted by him—and may be a matter of 


an opportunity for further evidence on this matter. 
Royal Observatory, H. SPENCER JONES. 
Greenwich, S.E.10, December 4th. 


September 7th and November 11]th-26th. A second letter 
from Mr. Thrupp claiming fulfilment of his earthquake 
prophecies appeared on our issue of December 4th.— 
Ep. Tue E.] 





the necessary arrangements for technical and practical 
training will be available in due coutse from the Royal 
Aeronautical Society, from which candidates will be able 
to indicate the names of firms in which they would prefer 
to serve their scholarship time. Candidates will be given 
the fullest possible latitude in choice, but, other things 
being equal, the Selection Committee, in its discretion, 
may weigh decisions in favour of candidates going to 
factories in their own districts—assuming the existence 
of vacancies in those districts. 

The scheme was initiated and has been adopted by the 
Council of the Seciety of British Aircraft Constructors. 
Members of the Council represent individually eighteen 
leading aircraft and aero-engine manufacturing companies. 
Pending issue of a list of “ approved ’’ firms, it may be 
assumed that all these companies will participate in the 
scheme, as and when they have vacancies. Other aircraft 
and engine companies that are members of the Society of 
British Aircraft Constructors may be brought within the 
orbit of the scheme on a similar footing at the discretion 
of the Joint Standing Committee. 








Steel Production in Turkey. 


Stnce the development of the national production of 
coal in recent years has rendered Turkey practically inde- 
pendent of foreign deliveries, the Government intends as 


far as possible to reach a similar position in the case of 


iron and steel, of which the country imports about 160,000 


days in the period November 11th to 26th it was cloudy. | 4), per annum. A state of independence is particularly 


sought to be attained so as to be able to provide the perma- 


Mr. Thrupp’s two periods) a glow was seen on fourteen | nent way material for the construction of new railways 
nights, and on November 10th there was slight activity. | and the renewal of the existing lines, and for the production 


Mr. Thrupp’s claim that there would be first-class aurore | of pipes which are required for the comprehensive scheme 
of irrigation which is in contemplation. 


It was reported from Istambul at the beginning of 
October that an iron and steel centre was to be established 


Sumrng ical wert hg undies err spenpnene in Turkey, thanks to the initiative of an English group 
was certainly not fulfilled; the prediction as to auror® | }eaded by the London firm of H. A. Brassert and Co., 
appears not to have been fulfilled; the prediction as to | which would devote £2,500,000 to the purpose. At the 
earthquakes met with partial fulfilment. This partial | beginning the iron ore would have to be imported from 
fulfilment does not necessarily vindicate Mr. Thrupp’s | abroad, but it was stated that the establishment of the 
theories—particularly in view of the failure of his other | industry would permit Turkey to effect in foreign exchange 
an economy of £T9,000,000, which amount would grow 
annually according as the production of the works 
ogee ; et increased. At the same time, the availability of national 
chance: 7 prodietiqns taade fig 1997, given in hie pies supplies of iron and steel, it was considered, would stimu- 
published in your issue of December 4th, should provide | j,+, consumption in the country. The site selected for 
the works was at Karabuk, situated on the Ankara- 
Zonguldak Railway, which is said to be admirably suited 
for the erection of blast-furnaces, steel plant, foundry, &c. 
F : = At first the supply of fuel would be provided by the 

(Mr. Thrupp’s letter entitled “ A Challenge ° appeared Zonguldak coal aidan basin, but as this field is at some 
in our issue of August 28th and prophesied (a) an earth- | distance supplies would later on be obtained from the coal 
quake stress period during the twenty days centring on deposits which have been discovered nearer to Karabuk. 
November Ist, and (b) first-class aurore with substantial | Deposits of iron ore have also been discovered in various 
magnetic disturbances in the periods August 30th- | districts, but long investigations would be necessary to 
y determine the resources of the country in this respect. 
However, this point is held to be a secondary matter, as 
many countries have to obtain deliveries of iron ore from 
other lands. 


Since October developments have taken place and it is 








Aircraft Engineering Scholarships. 


design side or through the production side. The scheme | yi]} be Turkish exclusively, except in regard to the 


ship facilities. 
In the first year the 8.B.A.C. is setting aside £400 to 


receive as working apprentices and other relative circum- | ¢ 


committee. Awards will be made in March or April each 
year. Each scholarship will ordinarily be held for four | ,. 
years, subject to satisfactory reports of the candidate’s 
progress, which means that in the fourth year and subse- 
quently the annual expenditure on awards will be £1600, 
excluding the cost of administering the scheme. For that 
expenditure the industry as a whole may hope to have 


now reported that the contract with the above-mentioned 
London company was signed at Ankara on December 2nd. 
Further information on the subject is contained in a report 
from Istambul to the Journee Industrielle. According to 
this report, the contract represents an amount of 
£T19,000,000. The settlement will be effeeted in eight 
years, not by cash payments, but in Turkish products, 


In conjunction with the Royal Aeronautical Society, particularly chrome, antimony, and molybdenum. The 
the Society of British Aircraft Constructors has drawn up plans for the works have been conceived entirely by 
a scheme under which a number of scholarships will be | Pnelish engineers, who will be seconded by Turkish ‘engi- 
available annually to young men who are unable, for | neers in the execution of the work. Excepting the require- 
financial reasons, to take up a course of education fitting | ments which can be met in the country itself, all the 
them to become aircraft engineers. The scheme provides | materials for the execution of the scheme, aw well as thé 
an avenue of advancement to high executive position in | paw materials for the beginning of production, will be 
the industry, either by way of the drawing-office and the | furnished by Great Britain. The labour to be employed 


will be financed by the Society of British Aircraft Con-| specialists and the foremen who will be English. The 
structors and administered by the Royal Aeronautical | erection and installation of the works is to be completed 
Society. The scholarships will not supersede any éxisting | jn two years, and two years and a-half are foreseen as the 
arrangements made by individual firms. They will form | time required for the finishing of the complementary 
an addition to, and extension of, the present apprenti¢e- | works, including the production of tubes for irrigation 


purposes. 


The products to be exported for the repayment of the 


be paid in awards to candidates, up to a maximum of £100 | Turkish debt to the London group will, it is stated, be 
a year for any one candidate. The actual amount of each | oxejusively handled by an Anglo-Turkish company, which 
award will depend upon the financial circumstances of the | wii} he formed especially for the purpose and will carry on 
candidate's parents or guardians, the pay candidates will | pusiness simultaneously in England and Turkey. The 


ransactions of this company will not come under the 


stances that may come under the review of the governing | 4ngio.Turkish clearing arrangements, but they will benefit 
by certain privileges and will not be subject to any 


estriction. 








At the Congress held in Ziirich in September, 1931, the 


always in training a minimum of sixteen, and possibly as 
many as thirty-two, intelligent young men who otherwise 
might have been barred from entering the industry on an 
The first awards will be made in 
1937. Application for consideration by the Selection Com- 
mittee should reach the Royal Aeronautical Society, 7, 
Albemarle-street, London, W.1, not later than February 
Candidates must be male British subjects 
between the ages of sixteen and eighteen on September Ist 
in the year of the award. They must possess a recognised 
schools certificate or its equivalent. 

The training of scholarship holders may vary slightly 
as between factory and factory, but it will always be 
designed to give thorough training in practical work and 
a good technical education. 
workshop training, participating firms must provide 
facilities for technical education, either at their own tech- 
nical schools or at municipal, university, or other approved 
Each scholarship holder will 
be expected to qualify at the end of his term for a tech: 


advantageous basis. 


In addition to practical 


schools within easy access. 





in the Kew Observatory seismological bulletin were 





International Association for Testing Materials accepted 
an invitation from the Committee representing British 
members to hold the next Congress in Great. Britain. 
Arrangements are now in progress for the Congress to be 
held in London on April 19-24th, 1937. The object of the 
Congresses is to obtain international co-operation in the 
study of materials and their testing, and to provide facilities 
for the exchange of views, experience and knowledge with 
regard to all matters connected with this subject. The 
London Congress will be of considerable scientific and 
industrial importance, particularly in view of the length 
of time which has élapsed since the study and testing of 
materials were last reviewed on an international basis. 
Sir William Bragg has consented to be President of the 
London Congress, which will be open to all interested in 
the study of materials and their testing on payment of 
the membership fee. A provisional list of papers (as at 
November 15th, 1936) to be presented at the Congress is 
now available. Copies of the list of papers can be obtained 
on application to the Hon. Secretary, Mr. K. Headlam- 





nical grade in the R.Ae.S. A list of firms that have made 


Morley, 28, Victoria-street, London, 8.W.1. 
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The Oswestry Booster Plant on the 
Vyrnwy Aqueduct.* 


LAKE VYRNWY, in Montgomeryshire, is at the head of an 
aqueduct 68 miles in length, and affords the principal 
water supply to the city of Liverpool. The lake has an 
area of 1120 acres, @ maximum depth of 84ft., and 
impounds 13,000 million gallons. The actual source of 
supply, viz., the Vyrnwy watershed, is accredited with an 
ultimate yield available to the aqueduct (i.e., exclusive of 
the statutory compensation supply) averaging 48 million 
gallons per day. As will be generally known, this capacity 
is as yet only partially drawn upon to satisfy the present 
requirements of Liverpool. 

The aqueduct is visualised, when complete, as having a 
peak capacity of 54 m.g.d. and in general to consist of four 
lines of 42in. diameter pipes in parallel. At the present 
stage of development two lines are completely laid, their 
joint capacity from end to end being 28 m.g.d. which 
quantity was sufficient to meet requirements until the 
year 1926, when it became necessary to increase the 
capacity of the aqueduct by laying part of a third main. 
To appreciate the procedure followed in this development 
it may be helpful to consider a profile of the line. 

The top water level at Vyrnwy is 825ft. O.D. and the 
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Ist. Line Booster 


Toe enenee” 2nd. Line Booster ===~"= 


Fic. 1 


Main valves shown numbered. 

Working Under Boosted Conditions.—All beds 
on low-pressure receiving common discharge from 
Nos. 1 and 2 turbines and by-pass valves. Valves 1, 
2, 17 and/or 19, 25 and/or 30, 26, 27, 28, 31, 32, 
and 34 shut. All other valves open. 

First Line Booster Only Working.—By-pass valves open as 
necessary to make up supply to filters. 

Second Line Booster Only Working.—By-pass valves open as 
necessary to make up supply to filters. 


Depot 


termination of the aqueduct at Prescot is at a level of 
276-71ft. O.D., the total fall being 548-29ft. The con- 
tinuity of this fall is broken at several points by balancing 
tanks, at each of which the water rests at a free surface on 
the hydraulic gradient. Thus, on leaving the lake, the 
raw water is discharged under regulation vid the Hirnant 
Tunnel, from which it emerges at a level of 779ft. O.D. 
For the next 7 miles it is conveyed through pipes under 
natural pressure below the hydraulic gradient to Parc 
Uchaf Reservoir and thence for 6} miles to the free surface 
at the entrance of Cynynion Tunnel. This tunnel is 
joined by a short section of pipe line to the entrance of 
Llanforda Tunnel, which discharges into Llanforda 
Reservoir, which is alternately referred to as Oswestry 
Reservoir. From the outlet of this reservoir it is, for 
present purposes, important to note that the line falls 
very steeply in a length of rather less than half a mile to 
deliver the raw water to the open surface of the Oswestry 
slow sand filter beds. 

Oswestry is thus a salient of the aqueduct. The delivery 
passing forward from this point towards Liverpool is no 
longer the raw product of the lake, but is filtered water. 
This is conveyed under natural pressure through 17} miles 
of pipe to Malpas tank, which is followed at a distance of 
114 miles by Cotebrook tank ; thence to Norton Tower, 
rather Jess than 11 miles nearer Liverpool, and finally 
through a section of 9} miles which passes under the river 
Mersey and terminates at Prescot reservoirs. 

These successive steps along the line have differing rates 
of fall, as is shown in Table I, which indicates the com- 
parative gradients. 


Table Showing Comparative Gradients of Piped 














TaBLe I[.- 
Sections of the Vyrnwy Aqueduct. 
Diameter] a Total Gradient, 
Section. of pipes, fall, | feet per 
inches. phen feet. mile. 
miles. 
Hirnaat to Pare Uchaf .. 42 7-1 37-0 5-2 
Pare Uchaf to Cynynion 42 6-2 33-26 5- 36 
Llanforda to Oswestry | 
filters ... . 30 0-418 117-5 281-0 
Oswestry filters to Malpas 39 17-78 | 121-0 6-8 
Malpas to Cotebrook 42 11-5) | 53-5 4-65 
Cotebrook to Norton 42 11-1 53-5 4-82 
Norton to Prescot .. 42 9-2 | 56-29] 6-12 


When, in 1926, it became necessary to provide addi- 
tional aqueduct capacity, the principle adopted was to 
install loop lengths (averaging 5 miles) of the third line 
along each of the sections in turn, which, when cross- 
connected at each end to the two existing mains, would 
suffice to develop capacity pari passu with the increment 
of demand. In pursuance of this policy the flatter sections 
of the aqueduct (which necessarily had the lesser capacity) 
were dealt with, and the first two loop sections of the third 
line were laid on the Hirnant to Pare Uchaf section and 
Parc Uchaf to Cynynion section respectively. Thereafter, 
in 1929, a similar section was laid between Malpas and 
Cotebrook, and in 1930 a further section below Cotebrook. 
(This scheme of sectional development, it may be remarked, 
is still going on, and altogether some 10 miles of the third 
line have been installed above Oswestry and 22 miles 
below Malpas.) 





* Extracts from a paper by F. H. Auger, A.M.I. Mech. E., 
before the Liverpool Engineering Society, October 21st, 1936. 
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In the natural course of these extensions it eventually 
became necessary to consider the provision of additional 
capacity on the intervening section of 17}? miles between 
Oswestry and Malpas. It was at this stage that attention 
was drawn to the short steep section of the pipe line 
between Llanforda Reservoir and the Oswestry filter beds. 
It is merely a connection between two free water surfaces 
—at the upper end Llanforda Reservoir having a top 
water level of 697-5ft. O.D. and at the lower end the 
Oswestry filters. The filter beds do not all lie at the same 
level, but are tiered to suit the natural slope of the site. 
Thus the total fall from the reservoir to the inlet level of the 
highest filter at 580ft. O.D. is 117-5ft., and that to the 
lowest filter at 565ft. O.D. is 132-5ft. 

It had been apparent for a number of years that the 
water traversing this section embodied a considerable 
potential energy in excess of that required to drive it 
through the short pipe line. Indeed, this fact had necessi- 
tated severe wire-drawing at the inlet to each filter, with 
consequent serious punishment of the inlet valves. Though 
obviously suggesting possibilities for the generation of 
power, the difficulty was to discover a useful load to justify 
capital expenditure. When, however, the necessity for 
increasing the capacity of the adjoining Oswestry-Malpas 
section arose, the then water engineer, Lt.-Col. J. R 
Davidson, M. Inst. C.E., conceived the original idea that 
this energy offered a means of effecting that increase as an 
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alternative to laying a section of the third main. His pro- 


position was that, if the raw water supply from Llanforda 
Reservoir to the Oswestry filters was made to drive 
turbines, which were direct coupled to pumps, which in 
turn lifted the filtered water discharged from the filters 
and delivered it at pressure into the existing mains of the 
Oswestry-Malpas section, the resulting increased or 
** boosted ’’ head would steepen the hydraulic gradient and 
enable an increased quantity to be conveyed over that 
section. 

The proposition was given to the author for investiga- 
tion, and eventually resulted in a novel and successful 
achievement. It is perhaps necessary to interpolate that 
the scheme is novel because the conditions are unusual 
and it is unlikely to be repeated elsewhere because it is 
unlikely that the conditions repeat themselves elsewhere. 
The scheme offers no encouragement to the idea that all 
aqueducts can be utilised to generate electric power 
economic: 

Unfiltered water coming down from the reservoir was 
to be intercepted above the division valve on the supply 
pipe and diverted through a turbine, and thereafter dis- 
charged to the inlet side of the filter. Similarly, the 
filtered water was to be intercepted above the division 
valve on the outlet pipe and diverted through a pump 
direct coupled to the turbine. The pump would impress an 
artificial head on the water delivered to the pipe line, and 
this artificial head—additional to the natural fall of the 
aqueduct—would enable a proportionately greater quan- 
tity of water to be conveyed to Malpas. 

Initially the object of the proposal was to obtain an 
immediate and economical increase of capacity on the 
Oswestry-Malpas section by the installation of one or two 
boosters as necessary, but it soon became apparent from 
investigation that the amount of power ultimately to be 
available for driving turbines was such that three boosters 
operating on three mains would have a joint capacity 
approximately equal to that required from four mains 
under gravitational head. As the length of the section is 
17} miles, the diameter of the mains 39in., and the cost 
about £18,000 per mile, the saving of the fourth line 
became the ultimate object of the scheme. From this 
point the plan of development divided itself into three 
stages. Stage 1, to give an immediate increase of aqueduct 
capacity, was the installation of a turbo-booster on the 
second pipe line (laid in 1905), which, being newer than 
the first pipe line (laid in 1890), had a better efficiency and 
would yield a greater increase of capacity for a given 
expenditure. Stage 2 was visualised to become necessary 
when the increase represented by Stage 1 was continuously 
and fully drawn upon, and would involve the provision 
of a turbo-booster on the first pipe line. Stage 3 would 
include the laying of the third pipe line between Oswestry 
and Malpas, and thereafter the provision of a third turbo- 
booster to bring the total capacity of the section up to the 
required 54 m.g.d. 

The estimation of increased capacities to be obtained by 
boosting presented an interesting problem involving 
several rather indefinite factors. It will at once be appre- 
ciated that the interposition of boosters into a working 
system of filtration necessitated that both turbines and 





pumps should function to suit the working of the filters. 
This consideration dictated the fundamental principle 
that, under conditions of maximum duty, the quantity of 
unfiltered water passing through the turbines must be 
the same as the quantity of filtered water drawn by the 
pumps for delivery to the aqueduct. An excess quantity 
through the turbines would quite clearly result in the 
flooding of the filters, while an excess delivery by the 
pumps would result in their depletion. One slight depar- 
ture from this general principle was proposed in order to 
accommodate the installation of a turbo-generator to 
supply current for lighting and heating in the workshops 
and offices. For this purpose it was decided to allocate a 
quantity of 2 m.g.d., equal to the supply of one filter bed, 
as a marginal excess for the booster pumps over that of the 
turbines. This principle of balanced capacities established 
a datum for the determination of the duty of each booster, 
and the size of the supply mains from the reservoir to the 
turbines. 

With an assumed overall efficiency of 60 per cent. for 
the booster plant it was estimated that the capacity of 
No. 2 main of the Oswestry-Malpas section would be 
increased from 16} m.g.d. to 19} m.g.d. The second stage 
of development, with an assumed overall efficiency of 
60 per cent., was estimated to increase the capacity of 
No. 1 main from 13 m.g.d. to 15} m.g.d. Thus the joint 
increase to be derived from Stages 1 and 2 was anticipated 
as 6 m.g.d., bringing the total capacity to 35} m.g.d. This 
quantity would leave 54—35}= 18} m.g.d. to be provided 
by further development under Stage 3, which would 
comprise the laying of a third pipe line on the Oswestry- 
Malpas section of approximately the same capacity as 
No. 2 main, together with a third turbo-booster. Thus the 
complete plant with three boosters would be adequate to 
meet any maximum peak load on the aqueduct, while the 
normal maximum of 48 m.g.d. would be satisfied by two 
boosters with the addition of one main working under 
gravitational head, and leave any one of the three sets in 
reserve as a standby. 


GENERAL Lay-ouT. 


Fig. 1 will serve to illustrate the developments under 
Stages land 2. Llanforda Reservoir, on the left, originally 
discharged direct to the filters through the two 30in. cast 
iron pipes which join to a single 42in. cast iron pipe, and 
thence to the unfiltered water network shown in full lines. 
The level of the inlet to each filter bed is indicated on the 
diagram, and it will be observed that the general fall is 
from No. 18 bed (having an inlet level of 580ft. O.D.) to 

7 bed (having an inlet level of 565ft. O.D.).  Inci- 
dentally it may be mentioned in passing, this tiering of the 
beds presented a peculiar problem in connection with the 
discharge from the turbines. The filtered water from 
each bed is discharged to the reticulated system of ‘pipes 
shown by dotted lines, which connect to the clear water 
tank having a top water level of 561ft. O.D., which in turn 
is connected through the valve house to Nos. 1 and 2 
mains out-going to Malpas. The location of the booster 
house, shown on the right, was necessarily determined by 
the general slope of the ground towards the clear water 
tank in order to ensure a practical minimum suction lift 
for the pumps. The first set to be installed is that which 
pumps into No. 2 main. On the turbine side this necessi- 
tated the laying of a 36in. bitumen-lined steel main from a 
point immediately below the reservoir to the turbine 
inlet and a short 36in. cast iron pipe from the turbine dis- 
charge to the nearest point on the unfiltered water net- 
work. A 39in. cast iron suction pipe to the pump is like- 
wise taken from the nearest point on the filtered water 
system, and a 39in. cast iron delivery pipe connects to a 
point on the outgoing main to Malpas below the head 
valve, which was supplemented by the reflux valve shown 
on the diagram. The turbine supply pipe and pump 
delivery pipe each embody a Venturi meter adjacent to 
the turbine and pump respectively. 

The small turbo-generator, previously referred to as 
having a water capacity equal to that of one filter bed, #.c., 
2 m.g.d., was included at this initial stage, its supply 
being bled off the main turbine supply through a 12in. 
cast iron pipe, and its discharge suitably valved to deliver 
alternately to either No. 7 or No. 8 filter. 

The diagram shows a total of nineteen filter beds, of 
which number, allowing for cleaning and re-sanding, 
seventeen are in average continuous service, having a 
capacity of 32 m.g.d. 

To facilitate the installation of one turbo-booster it was 
necessary to provide valves numbered 5, 7, 8, 10, 11, and 15 
on the diagram to allow the filters to be sectionalised, the 
upper beds being supplied at high pressure from the 
reservoir and the lower beds receiving their supply at low 
pressure from the turbine discharge. Apart from this 
division of the filtration system, it was necessary to pro- 
vide for conditions of part-load working, when the turbine 
discharge would only be equivalent to the capacity of, say, 
four and a-half filters. For this purpose a by-pass was 
provided around the turbine which embodied a special 
type of reducing valve automatically regulated by the 
pressure on the upstream or inlet side of the turbine. This 
by-pass valve has a maximum capacity in excess of the 
turbine and functions first as a regulating valve to main- 
tain the supply to the filters constant, irrespective of 
emergency or other changes in the turbine duty; and 
secondly, to protect the turbo-generator from the effect 
of surge in the main supply pipe due to a sudden shut- 
down of the booster. The by-pass pipe is provided with 
an orifice meter and indicator for the measurement of the 
water diverted round the turbine. 

The lay-out devised for Stage 2 is also shown on the 
diagram. In this case it will be seen that the turbine supply 
main was arranged to draw from the lower end of the 30in. 
cast iron mains which originally conveyed the supply to 
the filter beds. It will also be noted that the turbine 
discharge main is extended to a point on the unfiltered 
water system above No. 5 division valve in order to con- 
form to the sectionalising of the filter beds. By this 
arrangement the discharges from the respective turbines 
can be separated in order to give the higher duty turbine of 
Stage 1 the favourable advantage of a lesser back pressure 
by discharging to the lower tiers of filters. 

The general scheme, as outlined above, was submitted 
by the Water Engineer, Colonel Davidson, to the Water 
Committee, by whom it was approved in December, 1932, 
and authority was given to proceed with the work embodied 
in Stage 1, 7#., the turbo-booster set on No. 2 main, the 
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turbo-generator, the building, the pipe line, and sub- 
sidiaries, 

In due course tenders were invited for the turbo- 
booster to a specification issued by the Engineer, which 
inter alia called for a guaranteed overall efficiency (com- 
puted from gauge readings at specified pressure points) 
of not less than 60 per cent. for the combined turbine and 
pump. The contract was awarded to Gilbert Gilkes and 
Gordon, Ltd., of Kendal, for a set comprising a ‘“‘ Francis ”’ 
type turbine and oil pressure governor of Gilkes’ manu- 
facture, direct coupled to a Mather and Platt ‘‘ Lonovane ”’ 
pump. The same firm also secured the contract for the 
turbo-generator ta. the Engineer’s specification, which 
required that the machine should embody means to main- 
tain the quantity of water discharged by the turbine 
constant at 2 m.g.d., irrespective of variations of the 
electrical load on the generator. 

The whole of the work included in Stage 1 of the scheme 
was completed in the spring of 1934. The plant was 
started up in May of that year and was subjected to a 
thirty-six-hour continuous running test. The results 
showed en overall efficiency for the turbo: booster set of 
65 per cent., which includes losses in the two Venturi 
meters and also in the short lengths of pipe between the 
turbine and pump flanges and the tappings for the 
pressure gauges. A reasonable allowance for these losses 
indicated that the actual overall efficiency referred to the 
flanges of the booster set was 69 per cent. 

This additional efficiency, together with the benefits of 
the rather conservative assumptions in regard to pipe 
friction of the existing mains (which were embodied in the 
estimated figures), increased the balanced quantity for 
turbine and pump from the estimated 19} m.g.d. to 
20-3 m.g.d. Thus, the immediate gain in capacity of the 
Oswestry-Malpas section derived from Stage 1 was 
20-3— 16-25 m.g.d., or just over 4 m.g.d. 

It will be recollected that 1934 was the year of the 
drought, during which the Vyrnwy Aqueduct was heavily 
drawn upon, in consequence of which a programme for its 
rapid development was authorised by the Water Com- 
mittee. This programme included Stage 2 of the booster 
scheme, and before the end of the year 1934 tenders were 
invited for an additional turbo-booster, pipe line, meters, 
&c., for connection to No. 1 main of the Oswestry-Malpas 
section. 

The working results of Stage 1 provided a close guide 
for an estimate to be made of the probable results of 
Stage 2. As No. | main of the Oswestry-Malpas section 
was older and consequently more frictional than No. 2 
main, the net gain was anticipated by calculations to 


71-8 per cent., which includes losses in the two Venturi 


turbine and pump flanges and the tappings for the pressure 
gauges. A reasonable allowance for these losses indicated 


the booster set was 75 per cent. 


WoRKING RESULTS OF THE PLANT. 


Lach of the turbo-boosters on completion was submitted 
to a thirty-six hours’ running test to determine the 


the governor. For the purpose of these tests in turn the 
gradient from Oswestry to Malpas was maintained con- 
stant by regulation of the water level of Malpas tank. 
It was foreseen that a difficulty would be experienced in 
maintaining a constant back pressure on the turbine by 
reason of the filter beds being at different levels. A little 
consideration will show that checking at the inlets at the 
high levels caused the lower beds to flood, while checking 
back at the lower levels increased the back pressure. A 
proper technique of regulating the filters to establish the 
minimum effective discharge head was only acquired after 
a great deal of experiment. 

Some trepidation was felt before setting the boosters 
to work as to the possible disruptive effect of the increased 
pressure due to pumping on cast iron pipe lines which had 
been in the ground for thirty years and forty-five years 
respectively, and rather elaborate precautions were made 
on each occasion for any emergency. No such incident 
occurred either at that time or since. No doubt it will be 
realised that the effect of the boosted pressure gradually 
decreases in proportion to the distance along the line from 
Oswestry until it disappears altogether at Malpas. The 
strength of the mains was originally determined by 
reference to the static pressure due to the Oswestry level, 
to which pressure they were subjected when, for example, 
the valves on the inlet to Malpas tank were closed. The 
slope of the new hydraulic gradient of the booster service 
intersects the horizontai static pressure level at a distance 
of 6} miles from Oswestry. This means that the pipes 
beyond this point and extending over a length of 114 miles 
are not subjected to pressure in excess of the former 
Ipaximum. 

The figures in Table II are taken from the test results. 


Turbo-booster on Second Line. 
16, 19, and 20, 


TaBLe II.—(a) Stage 1 





























and was subjected to a thirty-six-hour running test. The 
results showed an overall efficiency on balanced duty of 


meters and also in the short lengths of pipe between the 


that the actual overall efficiency referred to the flanges of 


balanced quantity, the maximum duty and the efficacy of 


Tests Taken May 2nd and 3rd, 1934. 


Referring first to Stage 1, the capacity available on the 
completion of this stage was 33-3 m.g.d. (i.¢., 13 m.g.d. 
gravitational capacity on No. 1 main plus 20-3 m.g.d. 
boosted capacity on No. 2 main). To convey this total 
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Fic. 3—Diagram showing Determination of Equivalent Lengths 
of a Bhird Pipe Line. 


quantity through the two mains by gravitation the inlet 
level at Oswestry would require to be 155ft. above the 
outlet level at Malpas. The line F E on the diagram 
represents the hydraulic gradient for this condition. With 
three complete mains in service over the whole section the 





Filters Nos. 3, 4, 5, 6, 8, 14, 15, 
on Low Pressure. 
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Fic. 2 
Diagram Showing Determination of Balanced Quantities for 
Stage 2 Booster. Data ;—Llanforda Reservoir, 3ft. below T.W.L. 
Oswestry C.W.T., 4ft. below T.W.L, Malpas Reservoir, 2ft. 
below T.W.L. Turbine discharging to higher filters. Overall 
efficiency at booster flanges = 69 per cent. 


for the supply to the turbine superimposed on a curve of 
head/quantity for the pump delivery. In each case the 
slope of the curve is determined by pipe friction, and the 
marked disparity in the slopes indicates the differences in 
the respective lengths of the supply and delivery mains. 
The base of the diagram in m.g.d. is common to both 
curves. The values of the effective head at the turbine 
flanges are on the left-hand scale, and those for the total 
head across the pump flanges are shown on the right-hand 
scale. The overall efficiency of the set measured across 
the flanges is assumed equal to that obtained on test of 
Stage 1 set, viz., 69 per cent., and this, of course, will be 
the relationship of the head at the turbine and pump 
respectively when equal quantities are passing through 
each. Accordingly, the values of the pump head on the 
diagram bear a 69 per cent. relationship to those of the 
turbine head, minus a small factor of 0-5ft. which is lost 
in pumping and not regained for effective boosting on the 
aqueduct. The net boosted head is, of course, additional 
to the natural fall of 119ft. between the working levels at 
Oswestry and Malpas, the values of the total head on the 
aqueduct, i.e., the boosted head plus the natural head, 
being shown on a separate scale. The intersection of the 
curves indicated that balanced quantities of 16-12 m.g.d. 
would obtain with the turbo-generator in service taking 
2 m.g.d. from the supply main of the booster turbine and 
16-16 m.g.d. when the turbo-generator was out of service. 

Apart from the smaller capacity, the requirements 
specified by Colonel Hibbert, the present Water Engineer, 
for Stage 2 turbo-booster were generally similar to those 
of Stage 1, except that the overall efficiency was required 
to be not less than 65 per cent. gross. This contract in 


due course was also awarded to Gilbert Gilkes and Gordon, 
Ltd., for a Gilkes-Mather and Platt combination, complete 
with oil pressure governor and accessories. 

Stage 2 turbo-booster was started up in October, 1935, 


turbine and was imposed by the rapid fall of effective head 
in the supply main when the quantity of the supply was 
increased beyond that point. 

These results are summarised in the following table, 
which also indicates that the actual increase of aqueducts 
capacity derived from Stages 1 and 2 amounted to 
7-3 m.g.d. 








| 
Gravitational , Boosted | Increase of 
Pipe line. capacity. {| capacity | capacity at 
| balanced duty. 
No. 2main ... 16-25 m.g.d. | 20-3 m.g.d. | 4-05 m.g.d. 
No. 1 main... 13-0 m.g.d. | 16-25m.g.d. | 3-25 m.g.d. 
Totals ... 29-25mg.d. | 36-55mg.d. | 7-3 m.g.d. 


The turbo-generator was separately tested at the 
specified quantity of 2 m.g.d. passing through the turbine, 
and developed a maximum output of 26-9 kW at an overall 
efficiency of 68-2 per cent., including losses in Venturi 
meters, brake governor, and inlet and outlet valves. 

It will be appreciated from what has been indicated 
earlier in the paper that the total installed capacity of the 
plant is in excess of the present normal requirements and, 
indeed, no contingency has yet arisen which necessitated 
the two turbo-boosters and the turbo-generator to be run 
at full load in combination. 

Costs AND GAINS. 

The total capital cost of tae complete plant amounted to 
£33,015, made up as shown in Table ITI. 

The cost per H.P. usefully developed is therefore slightly 
under £66. The special features of the plant render this 
figure rather incomparable, but it is interesting to set it 
against an accepted figure of £53 per P.H.P. for high-class 
vertical triple reciprocating pumping plant of the same 
output. 

However, the true relative economic value of the plant 
will be appreciated by reference to Fig. 3. This diagram 
shows @ comparison of the hydraulic gradients which would 
be necessary to convey by gravitation through two mains 
and through three mains the increased quantities which 


senting an inlet level of 119ft., the resultant is a combined 


TaB_e III. 








item | Stage 1. | Stage 2. 

| £ | £ 

Building, including crane, lighting and) 

ee eee eee _- 
Machinery, including switchboard, &c. ..| 2,099 1,410 
Meters and recorders galego! 710 612 
Pipes and pipe laying 8,281 | 15,222 
Valves and sundries 1,300 581 








Totals £15,190 | £17,825 


gradient A B E, of which the length A B represents 6-4 
miles of three mains and the length BE 11-38 miles of 
two mains. From this it will be seen that a length of 
6-4 miles of third main would have been necessary to give 
the equivalent capacity as at Stage 1 of the booster plant. 

By a similar process the combined gradient equivalent 
to Stage 2 is A C E, of which the length of third line A C is 
5-22 miles. 

ADE is the combined gradient for Stages 1 and 2 
jointly, the length A D being 10 miles long, as shown on 
the bottom of the diagram. (The fact that the joint effect 
of the two boosters, in terms of length of third main, is 
less than the sum of the separate values indicates a law of 
diminishing effect.) 

Now, the diameter of a third pipe line, if it had been 
laid, would have been 39in., and the cost of such a main 
at current rates would Have been approximately £18,000 
per mile, and, on this basis, the saving in capital cost due 
to the installation of boosters is as follows :— 








| Stage 1. | Stage 2., Stages 
l and 2. 
£ £ 
Estimated capital cost of third 
pipeline ... ... ... ... «+. 115,200 | 93,960 | 180,000 
Actual capital cost of booster 
poet ae : 15,190 17,825 | 33,015 


plant... 








can now be obtained by boosting. The base of the diagram 
is the mileage from Oswestry to Malpas, and the vertical 








scale represents the head. 





Saving of capital cost ..., £100,010 | £76,135 | £146,985 
| | 
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In the ultimate, of course, the economic gains will be 
on @ higher seale, as there is not much doubt that the 
necessity of a fourth main on the Oswestry-Malpas section 
has been eliminated. 

At the present stage, however, the capital savings 
require to be offset by an allowance for operating costs of 
the booster plant. It will be appreciated that, as there 
are no energy costs and the plant being ideally loaded and 
highly automatic, these costs are of a low order, and are 
actually covered by £250 per annum, including repairs, 
stores, and part-time attendance. This amount, under 
present conditions of a low load factor, works out at 
approximately 0-027 pence per pump horse-power hour, 
A more practical deduction from the running expenses 
shows that the net additional delivery made available by 
the plant costs 3s. 1d. per million gallons. 

On the other hand, the saving in capital expenditure is 





Electrification of the Polish State 
Railways. 


THE first section of the extensive’ electrification of the 
Warsaw suburban lines of the Polish State Railways 
was officially opened on December 15th by the Polish 
Vice-Premier. The British Ambassador, Sir Howard 
Kennard, was present, and other members of the official 
party were the Minister and Vice-Minister of Communica- 
tions, officials of the Polish State Railways, and repre- 
sentatives of the contractors. It will be recalled that the 
contract for this £2,000,000 electrification scheme was 
signed in London in August, 1933, the work being handled 
by the English Electric Company and the Metropolitan 
Vickers Electrical Export Company, Ltd., acting as joint 





pneumatically operated line breakers and reversing gear. 
A 3000-volt motor generator set, working in conjunction 
with a nickel-iron battery, provides the control operating 
supply at 110 volts, and the source of power for the light- 
ing and compressor circuits. Electric heaters of 700- 
watt capacity, connected in series in groups of four across 
the 3000-volt circuit, serve for heating the coaches, 
there being twenty-eight heaters for each motor coach 
and thirty-two for each trailer coach. While the traction 
and auxiliary motors and main control equipments were 
made in England, the coaches and certain parts of the 
control equipment were constructed in Poland. 

The electrical equipment of the switching locomotives 
is identical with that of the motor coaches, except that a 
driving position is provided at each end of the body, the 
mechanical parts of these locomotives being made in 
Poland. 
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Fic. 1—BRITISH BUILT 2200 H.P. LOCOMOTIVE 


so considerable that the annual capital charges and the 
running costs of the booster plant are well covered by the 
savings of annual interest and sinking fund charges on the 
additional £146,985 which would have been required for 
laying an equivalent length of the third line. 

Before concluding it may be of interest to outline the 
possible future development of the Oswestry-Malpas 
section. The present combined capacity of the two mains 
with boosters is 36-55 m.g.d. When it becomes necessary, 
for example, to increase this capacity to, say, 45 m.g.d., 
this will be effected by laying a loop length of the third 
line, consisting of 11 miles of 39in. bitumen-lined steel 
pipes, from Malpas back towards Oswestry, which, when 
cross-connected to the existing mains, will flatten the 
hydraulic gradient at the Malpas end of the section. It 
will be appreciated that no advantage would be gained 
by laying this loop at the Oswestry end, as, in such case, 
the additional capacity would only be effective under 
gravitational conditions. With this additional loop the 
section will consist of 6} miles of two mains followed by 
1l miles of three mains, and the reduced friction head 
against the pumps will enable them to deliver the greater 
quantity of water for the same horse-power input to the 
turbines. These conditions will obviously be unfavourable 
to the efficiency of the boosters, and, moreover, the 
balance of quantities between turbine and pump will no 
longer obtain. Actually the pumps will be taking water 
from the filters in excess of the turbines supply, and thus 
the deficiency will require to be made up by continuous 
use of the by-pass arrangements. 

When by subsequent extensions the third line is com- 
pletely laid, it will have an ultimate capacity conservatively 
rated at 17-5 m.g.d. gravitational and 21-5 boosted. The 
completion, however, is unlikely to be effected for some 
considerable time, during which interval further deprecia- 
tion of the capacity of the existing mains must be antici- 
pated. This may result in No. 2 main reducing to 13-0 
m.g.d. gravitational and 16-25 m.g.d. boosted. 

On these assumptions, which admittedly are heavily 
weighted, the peak capacity of the section will be as 
follows :-— 


Boosted. 


Gravitational. 
16-25 m.g.d. 





First line ... 13. m.g.d. 

Second line 13. m.g.d. 16-25 m.g.d. 

Third line 17-5 m.g.d. 21-5 m.g.d. 
Totals 43-5 m.g.d. 54-0 m.g.d, 


Recollecting that the normal maximum service is 
required to reach 48 m.g.d., it will be seen from the follow- 
ing summary that this can be satisfied by a combination of 
any two of the mains under boosted conditions together 
with one of the mains under gravity, the third booster 
thus being a standby. 


M.g.d. M.g.d. 





.. 13-0 gravity 16-25 boosted 16-25 boosted 
16-25 boosted , 13-0 gravity 16-25 boosted 
21-5 boosted 21-5 boosted! 17-5 gravity 


First line 
Second line ..., 
Third line 


Totals 50-75 


50-75 50-0 








DUvuRING the first ten months of 1936 the Class I railways 
in the United States placed in service 73 new steam and 
27 new electric and oil-engined locomotives. During this 


period some 34,113 new goods wagons were supplied. 
Orders placed in November included 174 locomotives, 
1550 freight cars, 50 passenger carriages, six streamlined 
trains, and 277,472 tons of rails. 





contractors. At the ofticial opening the contractors were 
represented by Mr. G. H. Nelson, chairman and managing 
director of the English Electric Company, Sir Gerald 
Talbot and Mr. H. T. Rice, directors of the English Electric 
Company, Mr. J. S. Peck, director of the Metropolitan 
Vickers Company, and Mr. T. R. Graty, traction manager 
of that company. Mr. C. E. Fairburn, electrical engineer 
to the L.M.S. Railway, was also present as chairman of 
the contractors’ committee. 

The scheme, which is now approaching completion, 
covers the electrification of the Warsaw railway junction 
and suburban lines radiating from the centre of the 
city to Otwock (28 kiloms,), Zyrardow (43 kiloms.), and 
Minsk (40 kiloms,). It totals about 200 kiloms. of main 
track and about 50 kiloms. of sidings. An interesting 
feature of the scheme is that it includes the electrification 
of a new line joining the Central and Warsaw East stations, 
through a tunnel about 1 kilom. long, and over a bridge 
spanning the river Vistula. The stations on either side 
of the river were previously connected only by a long 
loop line. 

The electric service is operated with overhead line at 
3000 volts direct current, power being taken at 35,000 
volts, 50 cycles, from the existing industrial power supply 
system. The equipment covered by the contract includes 
six rectifier sub-stations, six 2200 H.P. electric locomo- 
tives, the complete electrical equipment of 76 three-coach 
trains and four switching locomotives, ag well as the over- 
head line equipment. The overhead line work is being 
carried out by British Insulated Cables, Ltd., acting as 
principal sub-contractor. The switchgear and a con- 
siderable amount of accessory equipment have been 
supplied by Polish sub-contractors. 

Of the sub-stations, one has three 2500-kW rectifier 
units, three have two 2500-kW units each, and two have 
two 2000-kW units each. The rectifier units and asso- 
ciated control equipment, main transformers, high-speed 
D.C. circuit breakers, instruments, relays and super- 
visory control apparatus have been supplied from England, 
while all other apparatus, including indoor and outdoor 
switchgear, were supplied by Polish manufacturers. 

All sub-stations, with the exception of that at Warsaw 
West, which is manually controlled, are operated by super- 
visory control from convenient points. There are also six 
track cabins equipped with high-speed circuit breakers 
for the sectioning of the main line. 

The main overhead line has bracket arm supports 
with catenary suspension of dual contact wires. The 
sidings have similar equipment, but with only one contact 
wire. The scheme of bonding has been adapted to track 
signalling on certain lines. 

The locomotives are to be used for high-speed passenger 
services and for hauling goods trains through the tunnel 
section. They weigh 78 tons and are of the B+B type, 
haying four driving axles, each equipped with a 550 H.P., 
1500-volt motor, arranged two in series. The control is 
of the electro-pneumatic unit switch type. Auxiliaries 
consist of two 3000-volt combined motor generator and 
blower sets, the generator supplying the 110-volt D.C. 
control and auxiliary supply, and the blower supplying 
forced ventilation for the main traction motors. There 
are also two 110-yolt motor compressors for the brake 
system, 

Two locomotives are being supplied complete from 
England. Of the remaining four, the electrical equipment 
is of British manufacture, while the mechanical parts haye 
been made in Poland. 

The multiple unit passenger stock is made up into 
three-coach units, each consisting of one motor coach 
and two trailer coaches. The motor coach is equipped 
with four eoach-ventilated motors of 200 H.P., 1500 volts, 
two being connected in permanent series. A second driving 
position is provided on the rear trailer coach, which is 
articulated with the non-driving trailer by a common 
bogie. 

The control system is of the cam shaft type, with electro- 





FiG. 2—BRITISH EQUIPPED THREE COACH TRAIN 


In Fig. | is shown a British-built 2200 H.P. electric 
locomotive, and in Fig. 2 a British-equipped three-coach 
multiple-unit electric train. 








Engineering Notes from China. 


(By our own Correspondent in China). 


Reconstruction Continues. 


Every prominent Chinese official takes any 
opportunity afforded by a public speech or a Press inter- 
view nowadays to advocate engineering reconstruction 
work and modern methods of industrial development in 
China. Recently the chief administrator of the province 
of Kwangtung (containing 30 million inhabitants) and 
the Mayor of Canton (one of the largest cities in China) 
were the guests of the Government of Hong Kong. The 
most notable features of the visit of these officials and 
their entourage, during the two days they were in the 
Crown Colony, was the inspection of the gigantic dam, 
costing about 10,000,000 dollars, for the new Shing Mun 
reservoir in Hong Kong, and the great interest shown 
by them in the air-conditioning arrangements (costing 
£100,000) in the new headquarters of the Hong Kong and 
Shanghai Bank. That building cost about 10,000,000 
dollars, and although it stands some distance back from 
the sea wall, it is built on an area that was once partly 
covered by the sea and partly beach, It is notable that 
all of the enormous frame of the structure was built of 
chromador steel sent out from England. 


Communications in China. 


The Central Government (in Nanking) and 
nearly all of the Provincial Governments—each of the 
provinces of China is on the average about the size of 
Britain—are hard at work on measures to improve com- 
munications in China. Although the most spectacular 
result of the financial help given by the British Boxer 
Indemnity Funds has been the through passenger traffic 
by rail from Canton to Calais, yet millions of pounds 
supplied by these funds have been spent on engineering 
work in China and in the purchase of materials in Britain. 
There are many schemes, however, being financed by 
Chinese capital. The cost of the Nanchang - Yushan 
section of the line that will finally connect Shanghai 
with the Canton—Hankow line, was over 18,000,000 
dollars (Chinese dollars). The line was built with Chinese 
private capital and entirely by Chinese engineers and 
labour. Great floods swept over the rail bed and washed 
parts of it away; many bridges were destroyed. After 
the flood, epidemics incapacitated 80 per cent. of the 
workers, of whom more than 1000 died of contagious 
diseases. But the completed line is a triumph of Chinese 
railway development, and it has encouraged construction 
on the last link of the east to west line that will connect 
Shanghai to the trunk railway running north and south 
from Hankow to Canton. Work on that last link of the 
east to west line—helped by German finance—has begun. 
When it is finished there will be rapid and safe transport 
for the minerals, including gold, in the district, as well 
as for the valuable agricultural produce that will reach 
the coast, 

The Chinese Central Government has adyanced 5,000,000 
dollars (Chinese dollars) to improve the port of Canton. 
Vast improvements have been made in port facilities in 
the Far East in recent years. Nor must mention of the 
great improyements in the wireless arrangements for 
warnings of the dreaded typhoons which so often affect 
the coast be forgotten. Winds of 136 m.p.h. have been 
registered—in Europe 70 m.p.h. is seldom exceeded. A 
large sum of money has been and is being spent on flood 
prevention work, both in North and South China. In 

















Dec, 25, 1936 


THE ENGINEER 





693 











connection with the waterways, especially the giant 
Yangtse River, many schemes for converting water power 
into electrical energy have been suggested. ‘These will 
be developed in time, but some of them are too expensive 
to be practicable at present. The very fact that Chinese 
officials and Chinese engineers are working out the details 
of these schemes is, however, a hopeful sign. 


The British Exports Credit Scheme. 


_ The news that a representative of Britain, so 
energetic and experienced in modern industrial methods 
as Mr. Kirkpatrick, is coming to China in connection with 
the new exports credit scheme has greatly cheered engi- 
neering agents in the Far East. During his recent visit 
to Hong Kong, Lord Rothermere made references to the 
need for much more attention to be given by the nation 
to British shipping in this part of the world. Fast trans- 
port for passengers, goods, and mails is one of the pro- 
blems that Mr, Kirkpatrick has promised to study. 
Since the war the subsidised ships of Japan, America, 
Italy, and Germany in this part of the world have affected 
adversely the owners of vessels flying the red ensign, 
Lord Rothermere proposed that all British liners over 
25 knots and all ‘o vessels over 15 knots for the Far 
Kast run should have their Suez Canal dues refunded by 
the British Government. Last year the P. & O. Company 
paid £698,000 in Canal dues, Any arrangement that will 
increase speed or reduce freights will be of value to the 
many British lines and to engineering agents interested in 
lar Eastern trade. 

British Engineers in China. 
It is realised in China that Mr. Kirkpatrick will 
not seek orders—local agents and engineers will continue 
to do that—but he will be concerned with financial and 
economic propeonie. The Chinese have expressed great 
xratitude for the support given by Britain to currency 
stabilisation in China, and at no time in the history of 
British engineering work in China have the conditions 
for obtaining valuable orders for all types of machinery 
been as favourable as now. 
Some prominent engineering manufacturers have their 
own offices in China; some co-operate with merchant 
firms who have had long experience of the China trade, 
but send out one or more British engineers trained in their 
own works to do the technical work, while merchant firms 
arrange all the business, such as exchange, shipping, 
insurance, &c. In order to obtain orders inland—outsi 
the Treaty ports—it is essential to employ Chinese engi- 
neers, and it is gratifying to note the success of many of 
these engineers who have received two years of practical 
experience in works in Britain. Fortunately, manu- 
facturers at home are now more alive to the advantages 
of this system. The salary that satisfies a Chinese engi- 
neer is but a small part of that which a British qualified 
engineer obtains in China, and there are no costly passages, 
“home leave,” and other expenses involved with the 
employment of Chinese engineers. Moreover, the Chinese 
engineer, with experience in England, speaks English and 
at least one Chinese dialect—usually more. And he does 
understand the ways of his own people much more 
thoroughly than any foreigner. 


Keen Competition for Orders in China. 


Other nationals are alive to the advantages of 
the employment of Chinese engineers. During the last 
three years the Germans have secured some big orders 
in China. Two may be mentioned. The whole contract— 
building (steel-framed) and equipment—for the new 
30,000-kW electric power station in Canton, now nearing 
completion, and the 8,000,000 dollars’ worth of railway 
material for the extension of the Nanchang—Yushan line— 
the latter secured by the Otto Wolff Company—were 
valuable contracts. There is competition from America, 
Belgium, Poland, and other countries, including Japan, 
for engineering equipment in China, 

A great advantage for both British and American firms 
is the fact that English is now firmly established as the 
language of international commerce in the Far East. 
Yet there are a number of Chinese engineers who have 
been trained in Germany, France, and Japan, and who 
consequently favour the products of those countries. 


The Chinese Engineer. 


With an experience of nearly twenty-five years 
of life in the Far East, all of it concerned with engineering 
work, the outstanding impression that exists on the 
writer’s mind is the tremendous change that has taken 
place in the training of the youth in upper classes in 
China. To-day there are many capable applied scientists 
amongst the Chinese who are between the ages of twenty- 
five and fifty years. Engineering is so dependent upon 
finance and economic conditions, and is so closely asso- 
ciated in civic matters with doctors, that the large number 
of Western-educated Chinese who have studied modern 
banking, economics, and medicine, as well as engineers 
trained in China, must have had a profound influence 
upon the attitude of the Chinese Central and Provincial 
Governments, the merchants, and the bankers concerning 
the use of machinery and the applications of the many 
branches of technology to the problems of life in China. 
Where, even a few years ago, there was blind opposition 
to the works of the engineer in China, there is now an 
almost feverish anxiety to assist in developing the natural 
resources of the country. Where there was what seemed 
to the British in China a callous indifference on the part 
of Government officials to the terrible loss of life, almost 
every year, by flood and famine, now there is eagerness to 
enlist the engineer and his knowledge in order to prevent 
death, sickness, and poverty. 


The Influence of Great Britain. 


Without going to the lengths of extreme 
nationalistic boasting that has been a feature of adherents 
to some of the modern political creeds, there is no reason 
why one should hesitate to express pride in the work that 
has been done by one’s countrymen in Asia. The debt 
of India to the British engineer can be measured 
in the great increase in the material worth of the country 


perhaps at times intangible, results in the way of public 
health improvements, due to pure water supply, &c., 
and the rapid movement of food in time of famine, as 
well as the wireless warnings against storms and the 
various measures to prevent floods. 
India is, as a country, better served than China. But 
in the devotion of British engineers to duty, and to the 
interest of the people with whom their work has brought 
them into contact, the history of China can provide 
examples that are probably equalled, but not excelled, in 
India or elsewhere, and, owing to the great difference in 
the past systems of Government in the two great Asiatic 
countries, the British engineer in China has had to face 
many difficulties and many disappointments never experi- 
enced by his professional brother in India. 
all those troubles he has ‘ carried on ” in his endeavour 
to improve the conditions of life in China. It has been an 


applied science is well above the horizon, and the trans- 
formation of the oldest type of civilisation on earth is 
taking place before the eyes of those of us who can see 
what is happening in a land that contains one-quarter 
of the pla. 2 who inhabit this planet. And at no time in 
the history of European contact with the Far East has 
the prestige of Britain stood higher in China than to-day. 


The Influence of Japan. 


Although until recently the works of the foreign 
engineer in China were mainly evident on a few railways 
and in the great and modern created trade centres of 
Shanghai and Hong Kong, yet the Chinese have seen the 
results of engineering science in Japan. That has had a 
profound effect upon the whole nation. It is useless to 
attempt to di the tremendous force of the anti- 
Japanese feeling amongst all classes in China. Whereas 
in the nineteenth century there was a strong anti-foreign 
bias in China, it has almost disappeared, but has been 
replaced by something much more universal and more 
intense that is directed against Japan. 

The Chinese believe nowadays that the strength of 
Japan is due primarily to applied science, and they are 
determined to match those whom they regard as enemies 
to China in the knowledge and resources supplied by 
scientific methods. They are handicapped by a lack of 
financial resources and by the magnitude of the area of 
China, which physical fact, in a land without a complete 
system of modern communications, increases the diffi- 
culties of a Central Government. But ‘‘ the imponderable 
forces’ are at work, and, whatever may happen in the 
immediate future, in the ultimate result China, by sheer 
weight of numbers and by the ing industry of the 
people, must regain any losses that may take place. 
The recent public subscription, in which millions of dollars 
were subscribed voluntarily by Chinese to purchase aero- 
planes for the President, is an entirely new, spontaneous, 
and unprecedented exhibition of national feeling that has 
ocnaded” many of us who are old residents in the Far East. 
Note the form of the presentation—aeroplanes! In 
Hong Kong the Far Eastern Aviation Training School 
is training many young Chinese as pilots and ground 
engineers. Hong Kong has suddenly become the air- 
service Clapham Junction of the Far East. Early in 
November, in addition to the regular weekly arrival of the 
Imperial Airways plane ‘* Dorado” from Penang, the 
weekly service of the China National Airways line— 
Shanghai, Foochow, Amoy, Swatow, Hong Kong, Canton 
was inaugurated. And we welcomed in Hong Kong 
the Pan-American “ China clipper” from San Francisco. 
The regular Pan-American air service—San Francisco 
to Hong Kong—is promised to begin early in 1937. It 
is believed that the Dutch K.L.M. air service from Holland 
to the Dutch East Indies will be extended to Hong Kong, 
as well as the French air service from Europe, which now 
terminates in French Indo-China. In China itself there 
are now regular air services ; a prominent Chinese official 
told the writer that recently he had made a journey by 
air between two towns se ted by a river and a mountain 
range. His trip took 3$ hours. Previously no one had 
travelled the distanee by road in less than 13 days. It 
is hoped that British aeroplane manufacturers will obtain 
a share in the equipment for air lines in China. 








AMERICAN SHIPPING. 


In July, 1936, there were, in the United States 
ninety-two vessels, totalling 132,630 gross tons, under 
construction, and orders on hand for twelve tankers 
totalling 88,500 tons, while the number of vessels delivered 
in the year 1936 is estimated at 150, totalling 155,000 tons. 
If conditions continue to improve a large number of new 
ships for replacements will be necessary in the next few 
years. In January, 1936, there were 485 cargo and 
passenger-carrying vessels of 3,037,000 tons in foreign 
trade, of which 195 (or 1,498,000 tons) had speeds of 12 
knots or more, but only forty-one (or 417,000 tons) were 
ten years or less in age. Similar conditions exist in the 
tanker and coastwise fleets. Thus, the annual replace 
ments for the next few years on account of obsolete 
vessels are estimated at 433,000 tons for foreign trade, 
305,000 for domestic trade, and 349,000 tons for tankers. 
An example of the age condition is the reduction of ocean 
mail pay by the U,8. Government owing to reduced 
speeds. This has resulted in some reconditioning of 
ships, but much more is needed. After long delay, the 
President has appointed the new Maritime Commission, 
authorised by the Subsidy Act. This Commission is to 
adopt a programme for additions and replacements in 
the merchant marine for foreign trade. If private enter- 
prise does not carry out the intent of the law, the Com- 
mission may build ships and charter them to private 
operators. The construction subsidy may amount to 
25 to 50 per cent. of the cost, and, in addition, there is 
an operating subsidy. About £20,000,000 is made avail- 
able for this work. The Commission has also to make 
adjustments of ocean mail contracts, as requested by 
operating companies. It will make a study of trade 


routes, cargoes, foreign competition, and costs of con- 
struction and operation, with a view to determining the 
proper allocation of subsidies. Since 1933, there has been 


In all these things 


In spite of 


uphill struggle, but at last the rim of the rising sun of 


on the Great Lakes, package freight for 1936 will amount 


to about 4 million gross tons ; ssengers number only 
twelve million—a decided fall—but coal reached a high 
record of 40 million tons, against a previous record of 
38 million in 1929. Oil reached 34 million short tons in 
1935, and increases largely every year. To estimate the 
cost of a new Atlantic liner for the United States Line, 
plans were submitted to the Navy Department for esti- 
mating, and the price thus obtained was somewhat abovw 
that of the private tenders, or about £3,650,000 if built 
at a Navy Yard. 








THE EARL'S COURT BUILDING. 


THE new Earl’s Court exhibition building now under 
construction is expected to be completed by the end of 
March. The steel trusses are in position and the main 
outlines of the building are distinguishable. Described 
as the largest reinforced concrete building in Europe, 
it will cover a site of 9 acres and is estimated to cost 
£1,250,000. A memorandum prepared by the architect, 
Mr. C. Howard Crane, summarises the peculiar engineer- 
ing problems which have been overcome. The site 
consists of two separate pieces of land divided by 
the West London Extension Railway double electrified 
tracks. One piece, roughly triangular in shape, is 
crossed by six other electrified lines. All the tracks 
converge on Earl’s Court Station, from which covered 
passage ways are to be provided to enable railway 
passengers to have direct access to the exhibition. A 
wide roadway over the railway tracks had also to be 
built to give access for cars at Warwick-road. To avoid 
splitting up the basement portion of the building into 
isolated areas, the entire railway system has been roofed 
over, and on this roofing the exhibition building and its 
car parks, &c., are being built. The main floor has actually 
been raised about 15ft. above normal ground level. 
The Central Arena of the building will have a roof span 
of 250ft. by 350ft., without columns, and the height ‘will 
be 120ft. Seats are to be provided around the arena for 
over 20,000 people. A swimming pool in the Central 
Arena measures 200ft. by 100ft., and has a capacity 
for about 2,000,000 gallons of water. Hydraulic gear will be 
provided to alter the floor level of the pool in three sections 
to bring it up and level to form the’arena floor, or down 
and sloped to form the swimming bath. The building will 
have no provision for natural lighting, only artificial light 
being used. Asbestos insulation will be used in the roof to 
assist temperature control. In 1938 certain sections of 
the British Industries Fair will be held in the new building. 








STRUCTURAL ALLOY STEELS IN THE 
UNITED STATES. 


ALTHOUGH there is large and increasing use of 
alloy steels by American engineers, the new low-alloy 
steels are not yet extensively used in structural work. 
which employs mainly silicon steel and nickel steel, 
including heat-treated eyebars. Silicon steel is used 
to a large extent in bridges, but it has been used also for 
some important ‘‘ skyscraper” buildings; the new Post 
Offices at Washington and Philadelphia have 3000 and 
1750 tons of this metal. About 3500 tons of nickel steel 
are included in the cantilever span of the San Francisco 
and Oakland Bridge, opened to traffic in November, 
and this bridge has also 145,000 tons of copper-bearing 
steel. Manganese steel is used in the arch span at 
Bayonne, but manganese steel fitting-up bolts are common 
in the erection of members of silicon steel and nickel 
steel. Derricks and cranes are now made of silicon steel. 
There are definite restrictions, however, in the use of these 
two structural alloy steels. While the high yield point 
permits higher stresses for static loads, this feature is 
secondary to ultimate strength where frequent reversal 
of stress is a condition. Then the higher elastic limit 
causes greater concentration of stresses at rivets, and 
less uniformity of stress distribution at the joint. Members 
are of smaller section than those of ordinary steel, and 
therefore are subject to greater deformation, making the 
structure in which they are used less rigid and having 
greater vibration owing to the smaller moment of inertia 
of the members. More care is required, also, in the 
fabrication of members of high-strength steel. Magnesium 
alloys are little used, and the same is true of stainless 
steel ; but aluminium alloys have had a wider application, 
mainly in bridge floors, cranes, and hand railing. In a 
recent review of the corrosion factor, it was shown that 
ordinary steel is made resistant to atmospheric effects 
by a slight addition of copper—about 0-20 per cent., but 
this does not apply to submersion corrosion. Phosphorus 
has the same effect, but also conduces to brittleness ; 
nickel is useful, but costly, and and silicon 
have no corrosion influence. In structural work ordinary 
or earbon steel will continue to predominate, with paint 
as the most effective protection against corrosion. 








Crystal Pauace Fire.—The British Oxygen Company. . 
Ltd., has sent us photographs of some of the thirty of 
their cylinders containing oxygen which were found in 
the ruins after the recent fire at the Crystal Palace. After 
they were salved from the débris the eylinders were, with 
one exception which was split, all found to be intact, 
and many of them still contained oxygen three days after 
the fire. A liquid oxygen container was also found near 
where the heart of the fire had been, and this also remained 
intact and held an appreciable amount of oxygen. 


Tue Great Western Railway announces that during 
next year approximately 400 miles of its line are to be 
completely relaid or partially renewed in various parts 
of its system. The greater part of the work, especially 
that on the main line routes, will be carried out in the 
early months of the year. This will ensure the minimum 
of interference to the travelling public. In addition, the 
general maintenance of stations, works, and structures 
will be undertaken, a special feature being the recon- 








produced by his work. It must include the immeasurable, 


a marked rise in the cost of ship construction. In traffic 


struction wholly, or in part, of about fifty bridges. 
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Extensions at the Kearsley Power Station. 


——_+»>—_ 


( RIGINALLY designed to accommodate four 
J 32,000-kW turbo-generator sets and sixteen boilers, 
each with a normal evaporation of 75,000 Ib. per hour, the 
Kearsley power station of the Lancashire Electric Power 
Company, like that of the company’s plant at Padiham, 
is among the stations that have established in the past 
records as regards thermal efficiency in relation to output. 
Two 32,000-kKW sets and eight boilers were put into 
service in 1929, whilst in 1934 the capacity of the boilers 
was increased to 95,000 lb. per hour by installing water- 
cooled furnaces. The old portion of the station is now 
capable of producing 60,000 kW, but a new machine has 
greatly increased that output. Owing to the require- 
ments of the C.E.B., the original proposal to install two 
more 32,000-kW sets was abandoned in favour of 
51,600-kW sets. 

The first of these sets and the accompanying boilers 
were officially inaugurated on Monday last by the Right 
Honourable the Earl of Derby, who, despite ill-health, 
journeyed to Kearsley to unveil a tablet commemorating the 
installation of the new plant. In ashort speech Lord Derby 
explained that he had left his bed in order that the inscrip- 
tion on the tablet, which said that it was unveiled by him 
on December 2Ist, 1936, might be true, but he meant to 
go back there directly afterwards. He was glad to be 
associated with the undertaking, as it was thirty-one 
years ago that his father had opened the original station 
of the company at Radcliffe. 

The station at Padiham was opened in 1926 and 
that at Kearsley in 1929. At present the company 
operates im an area of 1100 square miles south of the 
river Ribble and supplies electricity wholesale to 
many important authorities and retails electricity in 
100‘ townships and districts to nearly 50,000 industrial, 
farming, and domestic consumers. In 1905 there were six 
feeders or main cables radiating from the Radcliffe station, 
whereas at present there are more than 100 feeders 
supplied from the three stations. The high-tension system 
extends nearly 800 miles, whilst the low-tension network 
covers over 1000 miles of streets and roads. In 1935 
some 496,000,000 units were sold by the company, includ- 
ing those supplied to the C.E.B., and it is estimated that 
for the present year ending December 31st the total sale 
will be in the neighbourhood of 550,000,000 units. 

The new 51,600-kW B.T.H. turbo-generator (Fig. 1) 
operates at 33,000 volts, and work on the construction of 
a second machine of the same output has been begun. 
Four new Babcock boilers, each of 16,400 square feet 
heating surface, with superheaters, economisers, and air 
heaters designed for a normal evaporation of 150,000 Ib. 
per hour and a M.C.R. of 172,500 Ib. per hour at 625 Ib. 
per square inch and 800 deg. Fah. have been installed, and 
similar sets of boilers are to be provided for the second 
51,600-kW set. The boilers are fitted with style 28 
stokers, 25ft. wide by 20ft. long, in Bailey furnaces. The 
economisers are by Foster and the air heaters of the 
B. and W. tubular type. Davidson and Co.; Ltd., supplied 
the forced and induced draught fans. 

Wher the two original 32,000-kW sets were installed in 
1929 experience with the higher steam pressures and tem- 
peratures was naturally limited, and the pressure and tem- 
peratures selected were 320 lb. per square inch and 700 deg. 
Fah. respectively. The higher pressure of 620 Ib. and 
temperature of 850 deg. Fah for the new sets will have the 





the coal to a bunker above the boilers, from whieh it 
descends by gravity to the travelling grates. Needless to 
say. a large stock of coal is carried for emergencies. 

The ash falls at the rear end of the travelling grates 
into chutes, and is quenched at the bottom to avoid dust. 
It is then delivered into skips suspended from a mono- 
rail, which is connected to an aerial ropeway supplied by 
the British Ropeway Engineering Company. It delivers 
the ashes to a hopper from which they can be carried away 














on the outside of the tower, about 28ft. from the tank level. 
The tower is situated on the opposite bank of the river to 
the power station and is connected to the turbine plant 
by pipes 48in. in diameter in a tunnel passing from the 
turbine house under the roadway to the river bank. They 
are carried across the river by a steel bridge, designed to 
accommodate the pipes for the second turbine under 
construction. 

The pump house containing the circulating pumps and 
screening plant is situated near the cooling tower, the speed 
of the former being varied in accordance with the Scherbius 
system which gives high efficiency at all motor speeds. It 
is said that it is the first time that this system of speed 
control has been applied to circulating pump motors, 
although it has, of course, been applied to other forms of 
motor drives. 

The main B.T.H. switchgear is of the stone cellular type, 





Fic. 1—51,600 KW 8.T.H. TURBO - GENERATOR 


for general use or be delivered to a plant making cement 
bricks. 

While the circulating water has hitherto been drawn 
from and returned to the river Irwell, during the summer 
the flow is insufficient to meet the requirements of the 
new and old plant. An exceptionally large cooling tower 
(Fig. 2) has therefore been constructed by F. Mitchell and 
Son, Ltd., to make the new plant independent of the river, 
although a river intake and screening plant has been 
installed, so that when there is sufficient water in the river 








FIG. 2—VIEW OF KEARSLEY 


effect of improving the efficiency of generation by approxi- 
mately 16 per cent. Three of the new boilers are sufficient 
to supply the new set, the fourth serving as a spare. 
Extensive private sidings constructed by the power 
company on the main line between Manchester and Bolton 
serve for the delivery of rail-borne coal, which is brought 
to the station by two electric locomotives. After the 
wagons have been weighed and tipped they are weighed 
in the empty condition, so that an exact record of the fuel 
consumption is obtained. Bucket conveyors then elevate 











POWER STATION AND COOLING TOWER 


the cooling tower need not be used. The tower is claimed 
to be the largest of its kind, both as regards dimensions 
and duty. It is 260ft. high and 175ft. in diameter at the 
base, the capacity being 3,370,000 gallons of water per 
hour. which is sufficient to deal with the entire output of 
the new machine. 

The tower stands in a large tank of water, approxi- 
mately 8ft. deep, and the water from this tank is delivered 
by the circulating pumps to the condenser. The heated 
water from the condenser is taken to an annular culvert 








with duplicate bus-bars. The B.T.H. Company also 
supplied the auxiliary switchgear, electric locomotives and 
motor generators. Worthington, Simpson, Ltd., were 
responsible for the condensing plant; Aiton and Co., 
Ltd., the pipework; P. and B. Evaporators, Ltd., the 
evaporators; Hopkinsons, Ltd., the steam valves; J. 
Blakeborough and Sons, Ltd., the water valves and the 
water screening plant; G. and J. Weir Ltd., the boiler 
feed pumps; Cape Asbestos Company, Ltd., the pipe 
covering; and G. H. Johnson and Co., Ltd., the coal 
and stocking plant. 








CALENDARS, DIARIES, &c. 


Ruston-Bucyrus, Ltd., Lincoln.-Monthly wall calendar. 
Horman Bros, Ltd., Camborne, Cornwall.—Monthly wall 
calendar. 


Ruston anp Hornspy, Ltd., Lincoln.—Monthly wall 
calendar. 
BLACKSTONE AND Co., Ltd., Stamford.—-Monthly wall 


calendar. 

THAmEs Boarv Mitts, Ltd., Purfleet, Essex.- 
calendar. 

Henry Sron, Ltd., Cheadle Heath, Stockport.—Daily desk 
calendar. 

British INSULATED CaABLEs, Ltd., Prescot, Lancs.—Monthly 
wall calendar. 

W. A. Fever, Lid., 
wall calendar. 


Monthly wall 


3ridge Ironworks, Windermere.—Monthly 


ASHWELL AND Nessit, Ltd., Barkby-lane, Leicester.-—Daily 
wall calendar. 
8S. 8S. Storr AND Co., Haslingden, Rossendale, Lancs.--Daily 


wall calendar. 

SraveLey Coar ano Iron Company. Ltd., near Chestertield. 
Pocket diary. 
DEMAG AKTIENGESELLSCHAFT, Duisburg, Germany.-—Refill 
for desk calendar. 

AssoctaTED EqureMENT Company, Ltd., Southall, Middlesex. 
—Memorandum pad. 

D.P. Barrery COMPANY, 
Monthly wall calendar. 

British THOMSON-HoUSTON 
Monthly wall calendar. 





Bakewell, Derbyshire.- 


Ltd., 


Company, Ltd., Rugby. 


Anniesland, Glasgow. 


Lid., 


Wriiam Barrp and Son, 
Monthly wall calendar. 

Bristo. AgROPLANE Company, Ltid., Filton, Bristol. 
Monthly wall calendar. 

E. Mitton Seiiex, 13, Rood-lane, London, K.C.2.—M.A.N. 


monthly wall calendar. 

CARBORUNDUM Company, Ltd., Trafford Park, Manchester. 
Monthly wall calendar. 

CravEN BrotHers (MANCHESTER), Ltd., Reddish, Stockport. 
—Monthly wall calendar. 

Bristor AEROPLANE Company, Ltd., Filton, Bristol.—Desk 
memorandum book and diary. 

©. A. Parsons AnD Co., Ltd., Heaton Works, Newcastle-on- 
Tyne.—Monthly wall calendar. 
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The Harmonic Induction Engine.* 





TE possibility of utilising the inductive effect of the 
exhaust gases as they pass from the cylinder of an internal 
combustion engine, particularly those operating on the 
two-stroke cycle, has received the consideration of 
research engineers for many years past, and a number of 
patents have been granted for devices intended to secure 
this end. Amongst these the work of Crossley and 
Atkinson in 1892 deserves mention. Their work was 
carried out on a four-stroke gas engine, and they dealt 
particularly with the advantages of a tuned exhaust pi 
working in conjunction with a considerable overlap of the 
period during which the exhaust valve was open over that 
during which the inlet valve was open, so that during this 
overlap the tuned exhaust pipe induced an extra quantity 
of air into the cylinder through the inlet valve over and 
above that normally filling the cylinder as a result of the 
usual working in a four-stroke cycle engine. Their 
particular object in doing this was to fill the cylinder com- 
pletely with clean air and not to leave in the cylinder a 
mass of dead gas resulting from the volume of the com- 
pression chamber of the engine. For the speed at which 
they were running their engine they found that a length of 
about 60ft. of pipe gave the best results. Work along these 
lines was continued by various investigators, and designs 
of engines were produced, both in this country and the 
United States. 

About the year 1918 a two-cycle engine was built in the 
United States by the Weiss Engine Company, which had 
in addition to the usual scavenging ports connected to the 
crank case, a series of air ports connected directly to the 
atmosphere, and the constructors claimed that the 
momentum of the escaping gases produced a partial 
vacuum in the cylinder which drew scavenging air through 
the supplementary ports open to the atmosphere and 
augmented the normal quantity of air provided by crank 
case compression, 


PETTER EXPERIMENTS. 


The first Petter experiments in this direction were made 
in 1922. One of the company’s standard two-stroke cycle 
surface ignition engines employing crank case compression 
was fitted with a short length of pipe on the exhaust side, 
the object of the experiment being quite distinct from that 
now under consideration, with the surprising result that 
the engine was found to run with the crank case cover 
removed—feebly, it is true. Strange to say, the engine of 
its own accord altered its habits and exhaust was dis- 
charged through the air ports while the fresh air came 
through the exhaust pipe. After considering this unex- 
pected phenomenon the following conclusion as to what 
was happening was reached :— 

The engine was running with a very weak explosion, 
and when the exhaust port, which had a lead over the air 
port, was uncovered the exhaust gases passed from the 
cylinder into the exhaust pipe, cushioning the air therein 
and setting up a certain amount of return pressure. As 
the piston, in its descent, uncovered the air inlet port the 
slightly compressed air in the exhaust pipe returned in the 
reverse direction to the cylinder, thus expelling the 
exhaust gases and partially charging the cylinder with 
fresh air from the exhaust pipe. 

A continuation of the experiment with various modifica- 
tions that suggested themselves did not, however, lead to 
results that would justify development on a commercial 
scale, .and eventually research work on this particular 
engine was discontinued. Recently, however, as a result 
of the additional knowledge gained by two-stroke cycle 
engine manufacturers and the work done by investigators 
into the problem of exhaust silencing, active research into 
the behaviour of exhaust pipes has been revived. A con- 
siderable amount of work has been carried out by Mr. 
Kadenacy on a Junkers opposed piston engine in France, 
also by research engineers in Denmark and, to a larger 
extent probably than anywhere else, in Germany, where a 
great deal has been written on the subject in various engi- 
neering publications. Amongst these it is interesting to 
note from an article in April of this year, by Herr Otto 
Lutz, in writing on “ Oscillations in the Exhaust Pipe,” 
in an article discussing the scavenging of two-stroke cycle 
engines, that he deplores the fact that more notice has 
not been taken of these phenomena in the exhaust pipe, 
“‘as their effect upon the engine is wholly detrimental.” 
It is the waves in the exhaust pipe to which Herr Otto 
Lutz alludes that, with certain amplifications, are being 
used in this present engine. 

In the first renewed experiments by this company a 
two-stroke cycle engine, having a bore of 4}in. and a 
stroke of 6}in., was employed, the engine having a closed 
cylinder with exhaust and air ports placed circumferentially 
around the cylinder at the lower end of the piston travel. 
A description of these early experiments was published in 
an article by Mr. P. W. Petter in Taz ENGrneer of August 
17th, 1934. In this article a brief account of the work 
which had already been done and of the lines intended to 
be followed in future research was given, and it is interest- 
ing now to see how the hopes of those days have been 
borne out by the results which have been achieved. This 
first experimental engine had two air ports on each side 
of the cylinder directing the air to the back wall of the 
cylinder away from the exhaust port and a central port 
opposite to the exhaust port. The central port was found 
to be of no advantage and was utilised only for admitting 
air from the crank case, as we shall explain later, to 
facilitate starting. It was desired to make as much use 
as possible of the velocity of the exhaust gases at the 
moment that the exhaust port opened; on the other 
hand, in order to accommodate the volume of the exhaust 
gases, a certain size port was necessary. A compromise, 
therefore, was made by dividing the exhaust port hori- 
zontally into two sections ; the upper section received the 
exhaust gases from the cylinder first; these gases were 
led through an exhaust pipe of relatively small diameter 
and discharged at high velocity through an ejector nozzle 
into a larger pipe, which communicated with the lower 
section of the exhaust ports. The idea of this exhaust 
arrangement was that the injector action set up by the 
rush of the exhaust gases from the cylinder at high pressure 





* Abstract of Lecture delivered by Mr. P. B. K. Petter, 
ber 10th. 


Caxton Hall, London Thursday, 


when the upper sectiop of the exhaust ports was uncovered, 
and the impulse of the gases, was sufficient to draw the 
remainder of the exhaust gas out of the cylinder through 
the lower half of the exhaust port, creating a partial 
vacuum in the cylinder, which was then filled with fresh 
air through the air ports directly open to the atmosphere. 

The extent of the vacuum so created was largely 
dependent upon the force of the explosion, and this was 
particularly interesting because, in effect, it led to an 
increase in the volume of air admitted to the cylinder as 
the power demand upon it increased. In order to get the 
best results out of this engine it was found necessary to 
have both the exhaust pipes of a definite length. This 
indicated clearly that it was not only a question of the 
momentum of the exhaust gases that was an important 
factor, but also the frequency or resonant periodicity 
of the pipes into which the gases were exhausted. Satis- 
factory running of this unit was obtained up to a working 
load of about 10-1 B.H.P. at 700 r.p.m., as against 
the rated output of this size cylinder for a normal crank 
case scavenge two-stroke engine of 7 B.H.P. 

The engine was, however, difficult to start, because 
the volume of air admitted to the cylinder after a weak 
explosion was small. To overcome this difficulty a hand- 
controlled valve was provided for starting, which, when 
opened, admitted air from the crank case in the normal 
manner of a crank case compression engine. This simple 
device removed the starting difficulty. 


was happening in the exhaust pipe. The difficulty of 
this will be understood when it is mentioned that it was 
ultimately discovered that there is a regular cycle of events 
taking place in the exhaust pipe approximately three 
times in every revolution of the engine. This cycle of 
events takes the form of three distinct waves, of which 
the first is much stronger than the other two, the latter 
being progressively weaker. The speed of the engine 
had been raised to 925 r.p.m., and, therefore, each cycle 
of events reoccurred three times in every 15-4 part of a 
second, 7.e., each exhaust pipe cycle took 0-0218 sec. 
A distinct problem was encountered in indicating the 
sequence of events in such a short period of time. Indicator 
cards of the exhaust were taken with an ordinary plunger 
type indicator, and although these were at first inspected 
with much suspicion, they showed clearly that a regular 
cycle of events was taking place as stated. It was felt 
that in spite of the high speed of operation, it was justifiable 
to assume that at any rate from a qualitative, if not 
from a quantitative, point of view, these cards were 
sufficiently accurate to be of use for planning the next 
step in the investigations. It was seon realised that this 
method of recharging the cylinder with fresh air was 
highly suitable for a through scavenge engine, utilising 
either of the arrangements evolved by designers at 
various times. For the present investigation, however, 
it was decided to arrange the air inlet ports circumferen- 
tially at the base of the cylinder, using a mechanically 
operated exhaust valve in the cylinder head. The only 
way to continue experiments with an internal and external 
type of exhaust pipe was to employ a masked valve, and 
difficulty in connection with this arose in regard to the 
area of opening, as already, owing to the necessity of 
having to use a poppet valve, the quick opening which 
had been so advantageous with an exhaust port was 
lacking, and the use of a masked valve further restricted the 
speed of opening and the final area when open. There- 
fore, a single exhaust pipe was substituted and ultimately 
remarkable results obtained. 

It was ascertained that whilst on the early experiments 
it had been necessary to tune the length of the exhaust 
pipe very carefully, the exact length with a single pipe 
was even more important on a through scavenge engine. 
Successive tests were carried out, and ultimately the 
correct length of pipe was ascertained which, together 
with definite timing of the exhaust valve, gave the most 
efficient results at a fixed engine speed. It was at this 
point that the great advantage likely to accrue from this 
engine was realised, since with the cam-operated exhaust 
valve it was possible to vary the timing without having 
to keep it symmetrical about bottom dead centre, as had 
been the case with the piston-operated exhaust port. 
Difficulty was found in silencing this exhaust system, 
as without any capacity chamber on the end of this pipe 
a very pronounced and penetrating ‘‘ bark ” was obtained, 
and a capacity chamber of any reasonable size on the 
end of the pipe was found to interfere seriously with 
efficiency. The explanation of this, of course, was that 
the sudden ejection of the exhaust gases at the end of the 
pipe into the exhaust chamber created such a disturb- 
ance inside the chamber as to interfere with the motion 
of the waves in the exhaust pipe. To overcome this 
difficulty the end of the pipe was flared conically, and 
by these means it was found possible to lead the exhaust 
gases from the pipe into a silencer of reasonable size 
without creating a disturbance sufficient to affect the 
wave motion in the exhaust pipe. 

The most suitable bore of the exhaust pipe had to be 
ascertained experimentally. It was found that the 
smaller the bore the greater the amplitude of the initial 
compression waves, and hence the greater the amplitude 
of the rarefaction following. The advantage of this is 
that the amplitude of the first rarefaction determines 
the d of vacuum obtainable in the cylinder and 
directly controls the quantity of fresh air it is possible to 
induce into it. On the other hand, the bore of the pipe 
must be large enough to accommodate the volume of 
gas to be ejected from the cylinder ; hence, a compromise 
had to be found between the advantage of the small 
bore pipe and the necessity for one large enough to fulfil 
its real purpose. 

Results obtained up to this stage were considered 
sufficiently satisfactory to warrant the production of 
an engine specially designed to operate on these. prin- 
ciples, incorporating all that had been discovered with 
the converted crank case compression engine. The engines 
recently demonstrated at Burwood House are, with a few 
modifications, manufactured from the designs then pro- 
duced. The following are a few of the points which are 
worthy of note. 


SINGLE AND MULTI-CYLINDER ENGINES. 


An outside view of a four-cylinder engine is reproduced 
in Fig. 1 and drawings of the single and four-cylinder 








units are given in Figs. 3 and 4. From drawings, Figs. 3 


An attempt was now made to discover what actually 





and 4 it will be seen that the air inlet ports are arranged 
in the cylinder, so as to impart a high degree of swirl to 


the incoming air. The exhaust valve is placed in the 
cylinder head, and is of as large a diameter as can be 
accommodated. It is interesting to note that in spite of 
the high brake mean effective pressure at which this two- 
stroke engine is operating, no trouble has been experienced 
in overheating of the piston or in scaling or overheating 
the exhaust valve. As a result of the efficient cooling 
obtained from the system, it has not been found necessary 
to provide any method of fluid cooling for the piston, 
which for any other type of engine working at a like brake 
mean effective pressure would be almost certainly neces- 
sary for satisfactory running. A single hole fuel injection 
nozzle is used, and the fuel is injected nearly horizontally 
into the combustion chamber in the direction of the air 
swirl. The nozzle hole is of large diameter, and experi- 
ments have proved that the engine runs for long periods 
without trouble. The open type combustion chamber 
ensures easy starting from cold, and satisfactory fuel 
economy is obtained. The two-stroke construction gives 

















Fic. 1—FouR-CYLINDER HARMONIC INDUCTION 
ENGINE 


a low cyclic irregularity, and eliminates the necessity for 
heavy fly-wheels. 

From a pressure-time diagram taken with a Farn- 
borough type electric indicator, it is of interest to note 
the almost complete lack of dwell in the compression line 
at the injection of the fuel; in fact, apart from the 
position of the top dead centre of the piston, it is airaost 
impossible to tell in which direction the card was taken. 

The result of the application of the harmonic induction 
principle to this engine is that the rated output per 
cylinder of a unit of this size, which has a bore of 4}in. 
and a stroke of 6}in., is increased from 10 to 16 B.H.P. 
at 1000 r.p.m. 

As the major interest of this engine lies in the sequence 
of events in the exhaust system, it is interesting to review 
these oceurrences. With the Farnborough type electric 
indicator, it was found possible to take more accurate 
readings of the occurrences in the exhaust pipe than those 
already referred to. The cards, however, taken with the 
electric indicator (see Fig. 2) only served to confirm the 
results of the earlier investigations. At the moment 





Indicator Card of Ist. Wave 
in the Exhaust Pipe after 
the Exhaust Value Opens. 
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FIG. 2—EXHAUST INDICATOR CARD 


that the exhaust valve opens, a high wave of pressure is 
set in motion in the exhaust pipe. Immediately follow- 
ing this compression in the exhaust pipe, there will be a 
rarefaction or low-pressure period which will produce a 
vacuum in the exhaust system. Compression and rarefac- 
tion together make up one complete pressure wave, and, 
as already stated, there would appear to be three complete 
waves per revolution of the engine. These waves are not 
perfect sine waves, and there are various kinks in them 
to be accounted for, but for the purpose of calculation 
they may be considered as three waves of equal length. 
The wave which most concerns our attention, however, 
is the first, as the exact make-up of the two following 
waves is somewhat complex. The motion in the exhaust 
pipe is similar to that of the motion of sound waves in an 
organ pipe, and from the theory of such pipes it is well 
known that the length of the wave in a closed pipe is 
four times the length of the pipe itself. Being given, there- 
fore, a suitable length of exhaust pipe for any particular 
speed of engine, it is thus possible to calculate the velocity 
of propagation of a pressure wave through the exhaust 
pipe. This calculation may be checked by certain 
formule which are available, and also by measuring the 
velocity of the pressure wave as it travels between two 
points on the exhaust pipe, from which indicator cards 
are taken. It is interesting to note that these various 





check methods produce results which agree comparatively 
closely, and hence it is possible for any particular speed 
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of engine to fix approximately the length of exhaust 
pipe required. 

Valuable information has in this manner been obtained 
in that for a known ro gam of the exhaust gas the 
length of the pipe required may pproximately calcu- 
lated, and while in all cases the ~yY length will have 
to be set experimentally, approximate dimensions may 
be ascertained for the design of an engine running at 
definite speeds. The timing of the exhaust and inlet 
ports is very important in relation to the pressure waves 
in the pipe. 

It would appear that the efficient running of the engine 
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FiG. 3—SECTIONS THROUGH 


would be very sensitive to the speed at which it is being 
operated, as for a given setting of the exhaust valve 
timing and a given length of the exhaust pipe, there is 
one particular speed at which the engine will be most 
efficient. That is, of course, more or less the case with 
ali internal combustion engines, but it was anticipated 
that the engine would, in this respect, be far more sensitive 
than others. A torque curve, however, taken with the 
fuel pump set to deliver full torque at 1000 r.p.m. was 
surprisingly reassuring on this point. With the fuel 
pump thus fixed the speed can be varied and the maximum 











Satisfactory working at varying speeds has a distinct 
bearing on the possibility of this engine being adopted 
for marine propulsion. A slow-running adjustment for 
the fuel pump would enable the fuel supplied by the pump 
to be reduced with the speed and the torque increased. 
The above result, however, is obtained in a standard 
industrial type engine in which the maximum quantity 
of fuel delivered by the fuel pump is determined by an 
overload stop, and in which at any reduced speed the 
pump is forced by the governor to deliver the maximum 
possible amount of fuel. 


The engine described has a speed range of from 900 to 
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@ 
SINGLE-CYLINDER ENGINE 


1100 r.p.m., with a torque variation of only 5 per cent. 
and a speed range of from 600 to 1100 r.p.m., with torque 
variation of only 16 per cent., and there is every indication 
also that the speed may be reduced still further with 
reasonably satisfactory results. It has actually been 
operated down to a speed of 150 r.p.m. 

So far the description of the engine has dealt only 
with the single-cylinder unit, as it is upon this type that 
most of the experimental work has been carried out. From 
data obtained, however, with a single-cylinder unit it 
was anticipated that no difficulty would be experienced 
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FiG. 4—SECTION THROUGH 


torque obtainable at this setting has been measured. If 
the quantity of fuel delivered by the fuel pump were 
reduced at lower speeds, greater torque would be obtain- 
able, for as the torque drops at the lower speeds, the 
force of the gases issuing through the exhaust port drops 
also, and the amplitude of the wave in the pipe is reduced ; 
hence the weight of air drawn into the cylinder is less 
and insufficient to allow all the fuel injected per stroke 
to burn, so that the power quickly falls. 























FOUR-CYLINDER ENGINE 


in exhausting two cylinders into one pipe, and these 
expectations have been fulfilled, as will have been seen 
from the demonstration of the four-cylinder engine at 
Burwood House. It is found that the compounded 
effect of adding the waves from two cylinders in one pipe 
affects very little the actual length of the pressure waves. 

The prospects of development of this one for other 
fields besides the industrial appear to be good. The 
possibilities of the marine engine have already been 


mentioned. With increased knowledge which is rapidly 
being gained of methods of varying the speed without 
affecting the torque, and from the fact that the 
power/weight ratio is reduced to a remarkable extent, 
in comparison with other types of Diesel engines, it 
would appear to be eminently suitable for locomotives 
and ultimately for development as a road transport and 
aircraft unit. 








BRITISH STANDARDS INSTITUTION. 


All British Standard Specifications can be obtained from the 
Publications Department of the Institution at 28, Victoria-street, 
London, S.W.1. The price of each specification is 28. 2d. post 
free, unless otherwise stated. 

RIGGING SCREWS, STRETCHING SCREWS, 
AND TURNBUCKLES. 

No. 716—1936. This is the latest addition to the series 
of specifications dealing with terminal fittings for wire rope 
and chain. The series will shortly be completed by the 
issue of standards for chain slings, rings, and links and 
shackles. 
| FORTHCOMING SPECIFICATION.—MACHINE-CUT 

GEARS. 

B.S. Specification No. 436 deals with helical and 
straight spur machine-cut gears. In order to keep abreast 
of progress, the Gear Committee of the British Standards 
Institution has now decided to undertake a revision of 
this specification. Producers and users and others inter- 
ested are therefore invited to forward any suggestions 
which they may have to make for the improvement of 
the specification to the Institution, when they will in due 
course be brought before the Committee for consideration. 








«PERSONAL AND BUSINESS ANNOUNCEMENTS. 


Mr. N. E. Rambvuss, general manager and director of Ashmore, 
Benson, Pease and Co., Ltd., of Parkfield Works, Stockton- 
on-Tees, has been elected to a seat on the board of the parent 
company, the Power-Gas Corporation, Ltd., of which firm he is 
also general manager. 

G.W.B. Etecrric Furnaces, Ltd., are removing their 
registered offices, including sales department, drawing office, 
and accounts department, to Belgrave House, Belgrave-street, 





W.C.1. The company’s works will remain as at present at 
North- road, Holloway, Dudley, Wores., and Anne-road, Bir- 
The iated company, Wild-Barfield Electric 





Fursaeee, Ltd., will remain at Elecfurn Works, North-road, 


Holloway, N.7, as hitherto. 

ARMSTRONG-SAURER COMMERCIAL VEHICLES, Lid., informs 
us that under an arrangement with its associate, S.A. Adolphe 
Saurer, of Arbon, Switzerland, the service business of the com- 
pany has been transferred to Sir W. G. Armstrong, Whitworth 
and Co. (Engineers), Ltd., of Scotswood Works, Newcastle- 
upon-Tyne, who will assume liability to all trade creditors and 
for all outstanding commitments, including uncompleted agree- 
ments for maintenance and guarantees of vehicles, as at Decem- 
ber 31st. Sir W. G. Armstrong, Whitworth and Co. (Engineers), 
Ltd., will also be entitled to receive all book and other debts 
due to the Armstrong-Saurer Company outstanding as at 
December 31st, 1936. 











CATALOGUES. 


Sranton Ironworks Company, Ltd., near Nottingham.— 
Descriptive catalogue of spun iron pipes. 
P 4 P pipe 
PatnteR Brotuers, Ltd., .Hereford.—Particulars of the 
system of unit construction for’ storage racks. 


| ¥F. J. Epwarps, Ltd., 359, Euston-road, N.W.1.—Stock 
| list No. 8 3611, of sheet metal working machines. 


Locxers (ENGINEERS), Ltd., Warrington, England.—- 
| 85 on “‘ Rotex ” screening plant for all purposes. 
| A.E.G. ELEctric Company, Ltd., 131, Victoria-street, 
| S.W.1.—Booklet on the ‘‘ Ranarex ’’ CO, recorder. 
| 
| 


Broom anp Wape, Ltd., High Wycombe.—A catalogue of 
| pneumatic tools and accessories for engineering duties. 


Wr11114M Jessop AND Sons, Ltd., Brightside Works, Sheffield. 
—Catalogue of carbon and alloy tool steels for cold work. 

Lixcotn Etectric Company, Ltd., Welwyn Garden City, 
Herts.—‘ Lower Piping Costs with Shielded Arc Welding.” 


Wervert Pump Sares ORGANISATION, St. Aubyn House, 
82, Fulham Park-gardens, S.W.6.— Pamphlet describing 
submersible pumps. 

FREDERICK ParkER, Ltd., Cathrine-street, Leicester.— 
Particulars of the “‘ Gyrol “is small reduction crusher for stone. 
slag, ore, gravel, &c. 

Turners Aspestos CemENT Company, Trafford Park, 
Manchester, 17.—Brochures on “ Everite ”’ flue pipes and fittings 
and “ Poilite ” rigid rubber floor tiles. 

Trussep Concrete Steet Company, Ltd., Horseferry 
House, 8.W.1.—A bookies illustrating the range ‘of structures 
carried out in reinf 

AsHworRTH AND Parker, Ltd., Riverside Works, Bury, 
Lancs.—A book on the construction of the “‘ Parker” steam 
engine, and illustrating some installations. 

Hotman Brotuers, Ltd., Camborne.—Pamphlets on the 
“ E.G.” electric hoist, with single-handle control, and a leaflet 
illustrating the various types of hoists made by the firm. 

H. T. Watson, 7a, Commercial Buildings, Victoria-road, 
Widnes.—Leaflets on ‘‘ Monarch” products, which include 
spray nozzles of all types, oil regulating valves, pumps, and 
strainers. 

Turners Assrestos Cement Company, Trafford Park, 
Manchester, 17.—Descriptive list of ‘‘ Everite ’’ asbestos cement 

ated sheets, and a book on the firm’s building products 
used in connection with the aviation industry. 

Enetisx Etectric Company, Ltd., Queen’s House, Kingsway, 
W.C.2.—Publications on single- eylinder, multi-stage steam 
turbines; 150 B.H.P. to 3500 B.H.P. oil engines; oil-electric 
shunting "locomotives, and a brochure on the company and its 
activities. 

MatTHER anv Pratt, Ltd., Park Works, near Manchester.— 
Pamphlet 8 1208, “ Flow Indicator for Detecting the Flow of 
— in Pipe Lines”; leaflet S 1207, ene. for 
| Kee ping Constantly Primed Automatic Electrically Driven 

Centrifugal or Turbine Pumps.” 
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Markets, Notes and News. 


The prices quoted herein relate to bulk quantities. 


f.o.b. steamer. 


Steel Scarcity and Rising Prices. 


The pronounced scarcity of steel which has affected 
all the world’s markets during the past few weeks developed 
so suddenly that most departments of the trade were 
taken by surprise. At the same time prices in several 
sections of the market have been substantially advanced. 
The British steel makers at their meeting last week 
decided to raise their export quotations for ship plates 
and structural plates, jin. basis, by 15s., to £9 f.o.b.; 
sections, including bars, by 10s., to £8 10s. angle basis ; 
and boiler plates by 15s., to £10 2s. 6d. f.0.b. The advance 
in the prices of this material over the year has been sub- 
stantial, but not more so than might have been expected 
in the conditions ruling. On January Ist the quotation 
for structural steel, angle basis, was £7 10s.; for ship 
plates, jin. basis, £7 15s.; and for boiler plates, £8 f.o.b. 
Black sheets, 24 G. basis, have advanced from £9 lds. 
at the beginning of 1936 to £11 10s. f.o.b. in December. 
The increase in home prices has not been so noticeable, 
and although it is known that the steel makers feel that 
in order to meet the rising costs of production they should 
be allowed to increase their rates to home users, the 
British Iron and Steel Federation and the Import Duties 
Advisory Committee have hitherto kept a firm hand upon 
movements in this direction. Last week, however, the 
home trade quotations for most descriptions of steel were 
raised by 3s. per ton to counterbalance the withdrawal of 
the freight rebates on raw materials for the steel works. 
The quotation for structural steel, angle basis, on January 
lst this year for most districts was £8 7s. 6d., and is now 
£9 3s.; plates, Jin. basis, being £9 10s. 6d., compared with 
£8 15s. in January. Rebates of 22s. 6d. apply on joists 
and 15s. on plates and sections. Boiler plates, Zin., are 
now £10 and black sheets, 24 G. basis, £12, compared with 
£9 5s. and £11 10s. respectively at the commencement of 
the year. The same rebates apply on structural steel as 
at the beginning of 1936, except that last week the 
price of joists was reduced and the rebate reduced 15s., 
making a net increase in the price of 3s. The year is 
closing with export prices practically nominal, owing to 
the difficulty of getting material. In some cases steel 
makers have refused to quote for delivery of plates and 
certain sizes of sections until May, 1937, and it is reported 
that in some departments premiums have been asked for 
near delivery. 


The Pig Iron Market. 


Conditions in the pig iron market show few signs 
of improving, although possibly since the price of foundry 
iron was advanced a little more has been available for the 
market. On the North-East Coast the quantities reaching 
consumers are barely sufficient to cover their immediate 
needs, and there is still a certain amount of iron of other 
qualities used as a substitute for Cleveland foundry owing 
to the difficulty of obtaining the latter brands. In the 
New Year the situation should be relieved a little by the 
addition of the output of another furnace capable of pro- 
ducing 200 tons per day. The producers are reluctant to 
add to their commitments and as a consequence new busi- 
ness is severely limited and it is not easy to replace con- 
tracts that have run out. Naturally, in these conditions, 
consumers are showing signs of anxiety regarding their 
forward supplies and in some cases have tried without 
success to place orders for Cleveland foundry for delivery 
over the last half of 1937. Users of this description 
outside local delivery limits have to go short and complain 
that the makers’ arrears against old contracts are increas- 
ing instead of being reduced. Export orders are only 
accepted in special circumstances and the quotation of 
78s. 6d. for Cleveland No. 3 is purely nominal. In the 
Midlands the situation is perhaps rather less stringent, 
although the position as regards supplies is causing great 
concern. Many of the Northamptonshire makers are off 
the market for an indefinite period so far as new business 
is concerned, and are content to maintain deliveries against 
running contracts and in some cases to try and reduce 
their accumulations of arrears. The scarcity of Northants 
foundry has led to a heavy increase in the demand for 
Derbyshire iron and in a few instances consumers have 
bought for delivery until the end of next September. 
Supplies of Derbyshire foundry are still available, but are 
being rapidly taken up, and the probability is that soon 
seriously tight conditions will prevail in this department. 
The Scottish production of foundry is well maintained, 
but the pressure to obtain deliveries is growing. The 
situation in the hematite market is unsatisfactory. The 
makers have applied for permission to increase the price, 
but this has not been forthcoming from the authorities, 
and the general impression is that new business is at a 
standstill pending a decision. There is little doubt, how- 
ever, that transactions are taking place at substantial 
premiums over the official price of 85s. 6d. d/d. A con- 
siderable export trade in hematite would be possible if 
more were available, but under existing conditions it is 
practically impossible to obtain iron for overseas destina- 
tions. The outlook in the basic iron market has again 
become difficult and it is understood that negotiations 
which have been undertaken by the makers with the 
object of arranging for the importation of additional 
supplies of foreign iron have met with small success. 


Scotland and the North. 


Stocks of steel in Scotland have practically 
disappeared, and consumers are more dependent now 
upon the day-to-day production of the steel works than 
for many years past. The shipyards on the Clyde are tak- 
ing a heavy tonnage of plates and sections, and there is 
not likely to be any decline in the demand f.om this 
quarter whilst contracts for new vessels continue to reach 
the yards with so much regularity. The position of the 
other branches of the consuming trades using sectional 
material is as promising as that of the shipyards, and the 


more than the steel works can provide. For a long time 
now the makers have in arrears with deliveries, 
but there seems little likelihood of these being overtaken 
whilst the present demand continues. Consumers are 
pressing for steel against contracts, and although the works 
are operating at capacity it is evident that they will 
have to reconcile themselves to waiting for their supplies, 
although in some cases this may mean holding up jobs. 
For the time being there is a world-wide shortage of steel, 
and this is shown by the slowness with which deliveries 
of Continental steel against the quota are reaching the 
British market. In Scotland the malleable iron depart- 
ment has shared least in the present wave of prosperity. 
Business has improved greatly, but on balance probably 
the completed orders are only just made up by new 
contracts. The demand is chiefly for the higher qualities 
of bar iron, and business in crown bars still leaves some- 
thing to be desired. The re-rollers in Scotland are operat- 
ing at capacity, and are not finding it easy to keep to their 
delivery dates, as there is a particularly heavy call for 
small steel bars, the quotation for which is now on the 
basis of £9 10s. d/d. Usually, in the Lancashire district, 
the approach of the end of the year coincides with some 
decline in the volume of business, but no relaxation has 
yet been experienced in the demand. The requirements 
of the constructional and other engineers are much the 
same all over the country, and in Lancashire most con- 
sumers of iron are more worried about obtaining supplies 
than in booking orders for their products. In the lighter 
branches of the trade bolt and nut bars are reported to 
be in good request, whilst the makers of bright steel bars 
are experiencing a strong demand on the basis of £14 5s. 
per ton for 4-ton lots. Lately there have been some heavy 
deliveries of plates to locomotive builders in Lancashire, 
but these have recently declined, although the loss has been 
more than made up by the increased demand from other 
consuming industries. On the North-West Coast the 
steel works are operating at capacity. Vickers-Armstrongs, 
Ltd., have orders for eighteen vessels in hand. 


The Midlands and South Wales. 


Although practically all the works in the Midland 
area are operating at capacity conditions are not satis- 
factory, since the makers are embarrassed by the strength 
of the demand and the difficulty of meeting their customers’ 
requirements. Some buyers say that their inquiries are 
not treated with the same consideration as in normal 
times, and there is a general feeling of dissatisfaction at the 
delays in delivery which are now common. Work in many 
parts of the district is held up; but, on the other 
hand, the producers say they are doing their utmost to 
meet consumers’ demands and rationing has been resorted 
to only under pressure of the exceptional demand. The 
manufacturers of joists and sections now require several 
weeks for the execution of an order, and in some cases the 
works have temporarily retired from the market, judging 
by the difficulty experienced in placing orders with certain 
makers. There has also been an expansion in the demand 
for special alloy steels and some of the makers of this class 
of material are not finding it easy to meet the insistent 
needs of their customers. The shortage of billets, which has 
been one of the outstanding features of the market for 
months, was relieved only temporarily by the increased 
imports of Continental steel, and there is little British 
material offering on the open market. Another factor 
which had a disturbing influence upon the Midland trades 
was the expectation that as railway freight rebates would 
be withdrawn, increases would be made in prices in the near 
future, and this was borne out by an advance of 3s. per ton. 
The release of Continental material made at the inni 
of this week was welcomed, but so far very little of it has 
reached the market. Consumers and stockholding mer- 
chants, however, anticipate that some thousands of tons 
will become available before Christmas. It is understood 
that the quotations to British consumers will not be raised, 
although some freight readjustments have operated against 
the Continental sellers. There has been no decline in the 
volume of business in steel sheets and the motor trades 
continue to take good quantities of special quality mate- 
rial. The increased prices of colliery steel have checked 
buying in this market, but few of the colliery managements 
appear to have covered. their requirements for a lengthy 
period, so that it is expected that buying will soon 
resumed. In the South Wales market busy conditions 
rule. The tin-plate works are well provided with orders, 
and although the higher range of prices has restricted 
overseas buying to some extent, export orders are still 
coming to hand. The home trade remains steady and good 
quantities are ing into consumption. Tin-plate prices 
have been advanced to 19s. 9d. f.o.b., 20 by 14 basis, for 
export, and 19s. 43d. f.o.t. for the home trade. This 
amounts to an increase of ls. per box. 


Current Business. 


Henry Robb, Ltd., Leith, have secured an order 
for two cargo vessels from the United Africa Company, 
Ltd. Scott’s Shipbuilding and Engineering Company, 
Ltd., Greenock, are to build a twin-screw passenger and 
cargo liner of 10,000 tons d.w. for Alfred Holt and Co., Ltd. 
Liverpool. Thos. Firth and John Brown, Ltd., Sheffield, 
are to manufacture 120 boiler drums for the sister ship to 
the ‘‘ Queen Mary.” A contract for an 8000-ton cargo 
ship for British owners has been placed with the Furness 
Shipbuilding Co., Ltd., Haverton Hill-on-Tees. Electricity 
generating plant is to be installed by Evans and’ Bevan, 
Ltd., Neath, at Seven Sisters Colliery, from which surface 
lines will be radiated to all their collieries in the Neath 
and Dulais Valleys. The fuel to be used will be anthracite 
duff prepared by the firm’s collieries, and it is the intention 
eventually to electrify all their existing collieries and 
washeries. Fe m Brothers (Port-Glasgow), Ltd., 
who submitted the lowest tender (£55,500) will receive 


Unless otherwise specified home trade quotations are delivered f.o.t. 
A comprehensive list of the prices of materials mentioned below will be found on the next page. 


Export quotations are 


Paxman and Co. (Colchester), Ltd., are to supply the 
Diesel-electric machinery in connection with the work. 
Contracts have been placed provisionally with the follow- 
ing firms by the Sheffield Corporation for extensions to 
power stations :—A. Reyrolle and Co., Ltd.: Sub-station 
switches, £5965; increasing breaking capacity of switch- 
gear at Blackburn Meadows, £12,909; modernising and 
extending switchgear at Neepsend, £44,869. Metro- 
politan-Vickers Electrical Company, Ltd.: 50,000-kW 
turbo-alternator for Blackburn Meadows station, &c., 
£184,369. Mitchell Engineering, Ltd.: Boilers, &c., 
£64,594. William Beardmore and Co., Ltd., have received 
an order for 200 wagon axles, and Hurst, Nelson and Co., 
Ltd., for twenty-four bogie frames for the Canton-Hankow 
Railway. The Department of Overseas Trade announces 
that the following contracts are open for tender :— 
Argentine State Railways Administration: Steei cutters 
for reamers, broaches, drills, &c. (Buenos Aires, January 
14th). South African Railways and Harbours Adminis- 
tration: Wrought iron short link crane and boat chains 
(Johannesburg, January 18t); about 30 tons of steel- 
work and 1} tons of bolts, nuts, and rivets, &c. (Johannes- 
burg, January 25th). Indian Stores Department: Cast 
iron and special short straight pipes with spigot and socket 
joints, &c. (New Delhi, January 16th). New Zealand 
Public Works Department : Supply and delivery c. and f. 
Auckland, of one 1-ton hand-operated overhead travelling 
crane, single-girder type, to run on 20 Ib. rail with lin. 
head, capable of lifting a working load of 2240 Ib. (Welling- 
ton, January 12th). 


Copper and Tin. 


The firmness which recently developed im the 
electrolytic copper market has been well maintained, 
and the price is steady at £51 10s. to £52 c.i.f. Europe. 
American producers seem to have abandoned any attempt 
to restrain the upward movement in values, and as a con- 
sequence a rather more healthy tone is noticeable in the 
market. There is still some tightness in the near position, 
but most consumers in this country and in America appear 
to have covered themselves for the time being. On the 
other hand, European markets would undoubtedly take 
larger quantities of copper if financial conditions were more 
favourable. The general impression seems to be that it 
would be better for the market to remain at around its 
present level for a time in order that the recent advance 
might be consolidated. There are indications, however, 
that buying may develop on a rather more active scale 
when the holidays are over, and this probably would result 
in a further increase in values. The world’s stocks of 
refined copper at the end of November are given as 
353,250 tons, a slight reduction on the 357,000 tons at 
the end of October. The world production of refined 
copper in November amounted to 159,425 tons, compared 
with 150,670 tons during October. The stocks at the end 
of November in the United States were 171,300 tons, and 
the production during that month 70,350 tons. The 
standard market has been active and there has been a 
sharp increase in speculative interest. The weakness in 
this market is chiefly that there are now probably a number 
of small speculators who would scarcely be prepared to 
hold the metal in the event of any marked price fluctua- 
tions. It is a good sign, however, that merchants are 
taking up fair quantities of copper. ... The recent sharp 
increase of prices in the tin market has been followed 
by a period of rather dull buying and values have receded 
somewhat from last week’s figures. To a certain extent 
this was due to realisations, but there has been a. tendency 
for speculative interest in this market to decline. It 
is expected that the statistics at the end of December will 
show an increase in the visible supply of at least 1000 tons, 
and this is unfavourably affecting the position, although it 
is generally welcomed after the tight conditions which 
have ruled for so long. The market from now on should 
begin to experience the benefits of the several increases in 
the quota which have been made during the past few 
months. 


Lead and Spelter. 


Prices in the lead market continue to rise, and the 
high level of £28 2s. 6d. for prompt metal has been reached. 
There is no doubt that whilst the demand from the con- 


be | suming industries is exceptional, price movements would 


be neither so extensive nor so rapid but for the consider- 
able volume of speculation in the market. The firm con- 
ditions in London have been supported by activity in 
America, although technically there is little connection 
between the two markets. It is significant that most of 
the buying has been for forward lead. This has been 
the case for some time and when shipments of lead reach 
this country they pass directly into consumption, so that 
the prompt position continues distinctly tight. It is 
reported that substantial premiums have been. asked on 
warehouse metal and parcels for near delivery. Ship- 
ments of Mexican lead which arrived at the end of last 
week have had little influence upon the position, and it 
would appear that the world’s production at the moment 
is barely sufficient to meet the demand from the con- 
suming industries. A feature of the lead market lately 
has been the increase in the volume of business in options, 
30s. to 35s. having been paid for the “call.” ... Busi- 
ness conditions in the spelter market have not been so 
buoyant as in lead, but there has been sufficient specula- 
tive activity to raise prices, whilst the demand from con- 
sumers also has shown a slight improvement. On the 
whole, the trade demand is probably quite good, but it is 
less apparent than in other markets, owing to the ample 
supplies which are available. Lately the turnover in 
spelter on the London market has been heavier than for 
some time. Buyers have shown comparatively little 
interest in prompt metal, and this may be taken as an 
indication that most consumers are covered for the time 
being, and are not likely to re-enter the market until after 








quantities required by the constructional engineers are 





the contract for the vehicular ferry at Whiteinch. Davey, 


the end of the year stocktaking. 
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Current Prices for Metals and Fuels. 


Makers’ official home trade prices per ton, delivered buyers’ stations. 


only from associated British Steelmakers. 





PIG IRON. 
Home. Export. 
(D/d Teesside Area) 

N.E. Coast— = ‘se. 'd. £s.d 
Hematite Mixed Nos.*.. 4 5 0.. 314 6 
No. 1 } + was 315 0 

Cleveland— ( d eH Area) 
No. 1 “is ak 3 6... _ 
No. 3 G.M. B.. ik ha ; Bc @y _ 
No. 4 Forge oo SAP 2@:. — 
Basic (Less 5/— rebate)... 315 0. —_ 
MIDLANDS— 
Staffs— (Delivered to Black Country Stasion) 
North Staffs. Foundry ar th lee : _ 
” 5 ORS 8 Sar @ cx — 
Basic (Less 5/— rebate)... 815 0... oe 
Northampton— 
Foundry No. 3 ee ee ee — 
Pees ici ahr 6 — 
Derbyshire— 
No. 3 Foundry 4 60 -— 
Forge e t @ —_ 
ScoTLanpD— 
Hematite, f.o.t.furnaces* 4 5 6... _ 
No. 1 Foundry, ditto a0 6... —_— 
No. 3 Foundry, ditto .. 4 8 0.. — 
Basic, d/d (Less 5/-rebate) 315 0... .. — 
N.W. Coast— | 4 5 6d/d Glasgow 
Hematite Mixed Nos.*. 411 O ,, Sheffield 
(417 0 ,, Birmingham 
* Less 5/— rebate. 
MANUFACTURED IRON. 
Home. Export. 

Lancs. anp YorRKS.— .:. = £s. d. 
Crown Bars — oe OS. 10 0 0 
Best Bars aa So 10 12 6 

MipLanps— 

Crown Bars .. 10 10 O.. 10 0 0 
Marked Bars (Staffs. ). 3 0 0.. 12 10 0 
No. 3 quality = wee ae oe = 
No. 4 quality << as wa -— 

ScoTLanD— 

Crown Bars os 30°10. ..@...% 10 0 0 
Best.. 28218 oO a. 10 12 6 

N.E. Coast— 

Common Bars 1010 O.. 10 0 0 
Best Bars | Se ae 10 12 6 
Double Best a =, 45,20, 0 .. 11 10 0 

NoRTHERN IRELAND AND FREE STATE— 

Crown Bars f.o : 2 -? 6c -- 
STEEL. 

Home. Export. 
LONDON AND THE SoutH— €£ s. d. £s. d. 
Maing PS OF SO evi *8 10 0 
Tees. . . “= 5 '@: *9 10 0 
eee kw) fey uc, cae Oe oe os *8 10 0 
Channels.. .. .. imum *. *8 15 0 
Rounds, 3in. and up a. oo. Se. *9 10 O 
ee under 3in. sie Sel 6... 8 12 6 
Flats, under 5in. oo 1DeRB: 6 .. 8 12 6 
Plates, #in. (basis) —. ae Os 9 0 0 
ee -3 102 0°8 x 19 5 0 
» din. .. © 6 6. 79 10 O 
om. . 10 10 6. 19 15 0 
Un. 4 to tin. ag i +. D.. 10 5 0 
Boiler Plates, jin. >: &. 6... 912 6 
Norru-East Coast— Sk £ s. d. 
ROS ns oes es) ees *8 10 0 
ees es ; DD 2S. *9 10 0 
Joists .. i RS ee a *8 10 0 
el a ee oe, ei *8 15 0 
Rounds, 3in. and up 0. 2% © .» *9 10 O 
under 3in. coe SS Wi Bie 812 6 
Plates, fin. (basis) .. 910 6. 79 0 0 
pe Ne. o's ils a Oe We 9 5 0 
2 tin. one ae 19:10 O 

- fein. owe, 6. 79 15 O 
Un. # to fin. fot, o» PAS © ., 10 5 0 
Boiler Plates, jin.. 10 0 6 912 6 

MIDLANDS, AND LEEDS anpD DistRIcT— 

£ s. d. Ss & 
Angles o. 2. os *8 10 0 
Deh.) ies ch yes ae Oe *9 10 0 
Pete ooiliicn ed at Se 4 *8 10 0 
Channels. sts dart oO cae *8 15 0 
Rounds, Sin. and up 3. or. *9 10 0 

« under 3in. o> ee Eee 8 12 6 
Flats, 5in. and under 910 0. 8 12 6 
Plates, jin. (basis) .. 913 0. 19 0 0 

op <1 is 918 O. 9 5 O 

ree qin. .. 1 3 0. 19:10 0 

- fin. . 0. oO. 710 5 0 
Un. & to fin. ins. 918 0. 10 5 0 
Boiler Plates, jin. 10 3 0. 912 6 








*For Markets other than India, 


ft South Africa 5s. and Foreign Markets 2s. 6d. higher. 
STEEL (continued). 
Home. Export. 
Guaseow anp Distrricr— £ e. d. £ s. d, 
Angles 93 0. *8 10 0 
Tees.. HR *9 10 0 
Joists o.°s" ie": *8 10 0 
Channels. . . 7 = 8, *8 15 0 
Rounds, 3in. oti up “RY fee ee *9 10 0 
- under 3in. 910 0. 812 6 
Flats, 5in. and under 910 0. 812 6 
Plates, jin. (basis) 910 6. 79 0 0 
» fein. .. 915 6. tT9 5 0 
” BOE 3.5 10 0 6. 79 10 O 
” fein. . ce e's oS t9 15 0 
Un. *& to hin, i incl. sie: eee : 10 5 0 
Boiler Plates, jin. . ee! eer 912 6 
SoutH Waters ArEA— ‘ee Ae £ «.d. 
Angles prey 96:6. aa Pe eae *8 10 0 
Sc sin Pee es Re oe ee *9 10 0 
ETE II HE i GE *8 10 0 
Channels... .. . ae ee oe *8 15 0 
Rounds, 3in. and up 8 3 Diiee *9 10 0 
43 under 3in. et 26: Oe 812 6 
Flats, 5in. and under .. 910 0O.. 8 12 6 
Plates, jin. (basis)... .. 913 0.. 79 0 O 
pa EE ee PT T9 5 0 
a pin. trong AR Sh Ox 19 10 O 
wm jin. ‘ MO) B+. @). 19:15 O 
Un. ¥ to fin. desk: 10 3 0. 10 5 0 
IncLAND—F.0.Q. BELFAST. Rest or IRELAND. 
£ s. d. £s. d. 
Rite 363 5s) 5. ss eS 910 6 
TR eis ney ee Ce Ss... 10 10 6 
i ae ee Me 918 0 
Channels. “i si) ARES Sis 915 6 
Rounds, Sin. ond up 10 8 O. 10 10 6 
He under 3in. £8 eg ee 8 8 0 
Plates, jin. (basis) .. 915 6. +9 18 O 
ie BiG, ott 205 j- SRn By Ae t10 3 0 
a fin. .. ee Le a t10 8 0 
ne fein. . RRs uBite rss 710 13 0 
Un. ¥ to fin. lad. eB Ot 4y¥. 10 8 0 
OTHER STEEL MATERIALS. 
Home. Export. 
Sheets. $e d. £ a. d. 
14-G. to 20-G., d/d SR Dias + Setb.:: F180 
21-G. to 24-G., d/d . BO O.. . f.o.b. 11 10 0 
25-G. to 27-G., d/d 19°32'°@ ... . f.o.b. 12 5 0 


South Africa, 24-G. Basis £11 5s. plus 3% on invoice value ; 
Irish Free State, £12 15s. f.o.q. 

The above home trade sheet prices are for 4-ton lots and over ; 
2-ton to 4-ton lots, 10s. per ton extra; and under 2-ton lots, 
30s. per ton extra. 

Galvanised Corrugated Sheets, Basis 24-G.— 


Home. S s.d. 
4-ton lots and up .. — OR 
2-ton to 4-ton lots <i. 7 8 
Under 2 tons - 16 0 0 


Export: India, £13 15s. to £13 17s. 6d. c.i.f. ; South Africa, 
£13 10s. f.o.b., plus 3 p.c. invoice value ; Australia and 
Rhodesia, £13 17s. 6d. f.o.b.; Irish Free State, 
£14 15s. f.o.q.; General, £13 15s. f.o.b. 

Tin-plates. 
20 by 14 basis, f.o.b. Bristol Channel Ports, 19s. 9d. 
Tin-plate Bars, d/d Welsh Works, £6 0s. Od. 


Billets. £ s. d. 
Basic (0-33% to 0-41% C.) wt oa 
» Medium (0-42%to0- 60% C.).. Fi? 6 
»  Hard(0-61% to 0-85% C.) 3: eH ye 
- » (0-86% to 0-99% C.) Me hed tee 
= » (1% C, and up) a - IS. 8 
Soft (up to 0- 25% C.), 500 tons and up et, 
Rails, Heavy, 500-ton lots, f.o.t. 8 10 0 
» Light, f.o.t.. 710 0 
FERRO ALLOYS. 
Tungsten Metal Powder. 3/14 per Ib. 
Ferro Tungsten 3/- per Ib. 
Per Ton. Per Unit. 
Ferro Chrome, 4p.c.to 6p.c.carbon £21 10 0 7/- 
* a 6 p.c. to 8 p.c. £21 0 0 7/- 
a ” 8 p.c. to 10 p.c. £21 0 0 1/- 
3 me Specially Refined .. 
no » Max. 2p.c. carbon £33 10 0 1l/- 
~ “ »  lLp.c. carbon £36 5 0 1l/- 
” ” » 0:50 p.c.carbon £37 5 0 12/- 
” » earbon-free .. 9% per Ib. 
Metallic Chseasium oe 2/5 per lb. 
Ferro Manganese (loose), 76p p.c. £11 15 0 home 
»  Bilicon, 45 p.c. to 50 p.c. £1115 Oto£l2 5& 0 
scale 5/— p.u. 
°° 75 p.c. £16 17 6to£l7 7 6 
scale 6/- p.u. 
» Vanadium 12/8 per lb. 
» Molybdenum. . . 4/6 per Ib. 
» Titanium (carbon fone) 9d. per lb. 
£200 to £205 


Nickel ( per ton) 
Cobalt oa 


1/- to 7/1 per |b. 





Joists as well as Sections and plates are now subject to a rebate of 15s. to home users purchasing 


Australia and New Zealand, 5s. per ton must be added. 


NON-FERROUS METALS. 








(Official Prices, December 23rd). 

CorprerR— 

Cash .. £48 2 6to £48 3 9 
Three months .. £48 7 6to £48 8 9 
Electrolytic - £52 15 Oto £53 10 O 
Best Selected eS d/d Bir- 

mingham é ¢. cals Lee £53 5 0O 
Sheets, Hot Rolled £79 0 0 

Home. Export. 

Tubes, Solid Drawn (basis) .. 1ljd. 113d. 

»  Brazed (basis) 11}d. 113d. 

Brass— 

Ingots, 70/30,d/d Birmingham £34 0 Oto £36 0 0 
Home. Export. 
Tubes, Solid Drawn, 2/1 Alloy 103d. 104d. 
»  Brazed.. 12jd. 124d. 

Trn— 

Gnade) .5) 255-2 . £232 0 Oto £232 5 0 
Three Months .. £232 5 Oto £232 10 0O 

LEaD: ee £28 2 6to £2717 6 

Sreirer : (Cash and forward) .. £18 18 9 

Aluminium Ingots (British)... .. £100 to £105 

FUELS. 
SCOTLAND. 

LANARKSHIRE— Export. 
(f.0.b. Grangemouth)—Navigation Unscreened 15/3 to 16/6 
Hamilton Ell ae 16/6 to 17/- 
Splints 19/- to 19/6 

AYRSHIRE— 

(f.0.b. Ports)—Steam 15/6 

FiresHIRE— 

(f.0.b. Methil or Burntisland)— 
Prime Steam .. 16/3 to 16/6 
Unscreened Meciteetien 14/9 to 15/- 

LorH1ans— 

(f.0.b. Leith}—Hartley Prime 16/6 
Secondary Steam .. 16/- 
ENGLAND. 

YoRKSHIRE, MANCHESTER— 

B.S.Y. Hard Steams 19/6 to 22,- 
Furnace Coke 19/— to 24/- 

NoRTHUMBERLAND, NEWCASTLE— 

Blyth Best 17/— to 17/6 
a, | 16/— to 16/6 
» Best Small .. 14/- 

Unscreened 16/- to 17,;- 

DurHamM— 

Best Gas. . ; 16/6 

Foundry Coke 25/- to 27/- 

SHEFFIELD— Inland, 

Best Hand-picked Branch .. 27/6 to 29/6 

South Yorkshire Best .. . 24/- to 30/- 

Seconds .. . 21/- to 22/- 

CarpirF— SOUTH WALES. 

Steam Coals : 

Best Admiralty Large .. 19/6 

Best Seconds og 19/~ to 19/4} 

Best Dry Large 18/6 

Ordinaries 18/3 to 18/6 

Bunker Smalls 15/— to 15/6 

Cargo Smalls 13/6 to 14/6 

Dry Nuts 25/- to 27/- 

Foundry Coke 30/- to 47/6 

Furnace Coke 24/6 to 25/- 

Patent Fuel 22/- 

SwansEA— 

Anthracite Coals : 

Best Large .. 36/- to 40/- 

Machine-made Cobbles. . 41/- to 48/6 

Nuts 40/- to 48/6 

Beans 25/— to 35/- 

Beda then o 19/- to 23/6 

Rubbly Culm.. 12/- to 12/6 

Steam Coals : 
Large Ordinary -- 18/— to 20/6 


FUEL OIL. 


Inland consumption ; contracts in bulk. 


Exclusive of Government tax of 1d. per gallon. 


Ex Ocean Installation. 
Furnace Oil (0-950 datedinas 
Diesel Oil_ _.... Flaaie a) wat £e 


Per Gallon. 
My. 34d. 
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French Engineering Notes. 
(From our own Correspondent in Paris.) 
The Lille Deadlock. 


THE evacuation of works in the Lille district, as 
a means of showing the public that owners had no longer 
any excuse for not resuming negotiations for a settlement 
of matters in dispute so long as works were occupied, was 
followed by the picketing of the factories alternately by 
the men and by the military police, whose warning to non- 
strikers who wanted to enter that they did so at their own 
risk was taken to mean that events were moving towards 
an Official ‘“‘ neutralisation.” There may have been some 
mistake in this interpretation, but in any case occupation 
or neutralisation deprives owners of an inalienable right 
to enjoy their own property, and they will not accept this 
state of things in any circumstances. The neutralising of 
works means that the men would have the support of the 
Government in paralysing industry whenever they 
decided to enforce a claim. The unions also believe that 
it would prepare the way for an industrial nationalisation. 
The situation became so serious that the Government was 
obliged, under pressure from the Senate, to send urgent 
instructions to the Prefect of the Department to obtain 
from employers and the men an assurance that they would 
submit the matters in dispute to the arbitration of the 
President of the Cours de Cassation, who is the highest 
magistrate in civil law, pleading at the same time that 
work must be resumed in the interest of national defence 
and appealing to the patriotic sentiment of both parties. 
The decline of engineering production through strikes at 
a time when work on national defence must be carried on 
actively is regarded with great concern. Both sides 
declare their readiness to accept the arbitration proposal, 
but while the men insist that they must all return to 
work, employers say that, in consequence of their breach 
of contract, the men will be taken on as required, except 
those who are known to be responsible for the agitation. 


Compulsory Arbitration. 


The dangers arising out of conflicts over principles 
that admit of no compromise pervaded the debate on the 
Compulsory Arbitration Bill in the Senate, which aban- 
doned the practice it hitherto adopted of passing social 
measures with reservations and leaving all responsibility 
for the consequences to the Government. Amongst the 
many objections to the Bill the most obvious were that 
an acceptance of the Confédération Générale du Travail 
as the sole representative of the working classes would 
tend to stultify arbitration awards by leaving out a large 
body of workers who refuse to adhere to an extremist 
movement, and that the Government, having carried 
through a definite programme for the social advance- 
ment of workers and having tolerated labour agitation 
which aims at the subjection of employers, could hardly 
be other than biased in favour of the men when arbitrating 
in their disputes with employers. Then there is no 
guarantee that the men will accept awards against them, 
or that the Government will be able to enforce the awards. 
What particularly concerned the Senate was the primary 
object of the Bill to adjust wages to living costs, which 
has become a serious problem now that workers are losing 
much of the benefit of higher wages through additional 
charges imposed on national production. In principle, 
the Senate is not opposed to compulsory arbitration if 
carried out impartially by arbitrators fully competent to 
deal with the particular matters in dispute. But it will 
not pass a Bill with a political bias, drawn up in an 
atmosphere of Popular Front agitation. The Bill has 
therefore undergone a change which takes arbitration 
proceedings out of the political arena into that of the 
purely industrial. In the event of a dispute the pro- 
fessional ‘‘ syndicate ’’ or union of one party may ask the 
other party to authorise its union to negotiate on a basis 
of conciliation, and in case of refusal an appeal may be 
made to the departmental commission of conciliation under 
the presidency of the Prefect of the Department. This 
commission is composed of an equal number of employers 
and men selected by the Prefect from lists presented by 
the Chambers of Commerce and unions in the Depart- 
ments concerned. Should agreement not be reached in 
four days the next step will be an appeal to the employers’ 
and workers’ national federations, which will appoint a 
commission composed of an equal number of representa- 
tives of both sides under the presidency of a member of 
the Conseil d’Etat chosen by the Vice-President of that 
Council. Failing agreement in four days the points left 
in dispute will be submitted to two arbitrators to be 
selected, if necessary, by the General Secretary of the 
National Economic Council, and should a third arbitrator 
be required his final selection will be left to the President 
of the Cours de Cassation. The duties of the commissions 
and arbitrators are declared to be that “they shall 
establish an equitable settlement of working conditions 
based upon respect for the rights of property, the rights of 
labour, the rights of association and individual liberty.” 
By these amendments the Confédération Générale du 
Travail is placed on the same level as other professional 
groups with regard to arbitration proceedings, and the 
Government is refused the right to control such proceed- 
ings, which it required to do for one year with a view 
mainly to adjusting wages to living costs. Monsieur Léon 
Blum has therefore declared that he will not approve of 
the amendments when the Bill returns to the Chamber of 
Deputies. It is believed that if the Bill, modified by the 
Senate, is rejected by the Chamber, the Government may 
publish a decree whereby it will be authorised to control 
arbitration proceedings for a period of not more than a year. 

Engineering Activity. 

The embarrassments which the social reforms have 
inflicted on the national production have had less effect 
upon the engineering industries, apart from the strikes, 
than might have been expected. Their situation is notably 
improved by the increasing expenditure for national 
defence and other State requirements, and while deliveries 
have been seriously delayed by strikes many firms expe- 
rience great difficulty in procuring the extra supply of 
skilled hands required by the application of the forty 
hours’ week. So far as concerns work other than that 
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BATTERIES AND ACCUMULATORS. 


455,992. May 2nd, 1935.—Primary Cetus, W. W. Puffett, 
The India Rubber, Gutta Percha and Telegraph Works 
Company Ltd.’s Works, Silvertown, London, E.16, 
and The India Rubber, Gutta Percha and Telegraph Works 
Company, Ltd. 

This is a primary cell of the Leclanché type with a pasty 
electrolyte, and the invention is principally concerned with 
the venting arrangements. The 
cell is made up in the usual 
way, and comprises a central 
carbon rod A provided with an 
upper segundedl and surrounded 
by a compressed block B of 
depolarising mixture. The car- 
bon rod and depolarising block 
are disposed centrally within 
an outer zine container C, and 
the intervening space is filled 
with electrolyte D, either in 
the form of a paste or to be 
converted into a paste by the 
addition of liquid. Resting on 
the central block E is a spacing 
collar F of waxed cardboard, 
and on top of the latter rests an 
inner cover G on to which is 
poured a sealing compound of 
usual character. The cell is 
then conveniently provided with 
an outer cardboard casing. 

The cell is provided with four 

venting tubes H, each of which 

is of woven or braided fibrous 
material, i.e., textile fibres of 
cotton, and is impregnated to 
render it electrolyte and water 
repellent, impregnation of the 
tubes in metallic soaps prefer- 
ably being effected for this pur- 
pose. Each tube is reinforced at 
one end by means of a short 
ebonite tube J, and is closed 
at the other end by means of an ebonite plug K. Aper- 
tures are left in the regions of the four corners of the 
upper cover G and the tubes are inserted through these 
apertures by means of a metal rod which is inserted into the 
tube. The tube on its rod is pushed into position and the rod 
finally withdrawn. The venting tubes are inserted sufficiently 
far for the block K to rest on the base of the zine container.— 
November 2nd, 1936. 
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MEASURING AND TESTING INSTRUMENTS. 


455,952. January 17th, 1936.—A Sotar Compass, E. D. Bean, 
Plattsburg, County of Clinton, New York, United States of 
America. 

The invention relates to a solar compass of the kind com- 

prising a dial, an indicator or hour hand which is mechanically 

rotated at a uniform rate of one revolution in twelve hours 
over the dial, and means for indicating north when the hour 
hand is pointed at the apparent sun. The timepiece comprises 

a dial having the conventional hour circle with figures from 

1 to 12 inclusive. The face of the dial and the hour hand A are 

provided with indexes in the form of complementary curves 

B and C, respectively. The curve B, being fixed with respect 

to the dial, may be painted thereupon or applied thereto in 

any suitable manner. The curve C, being carried rotationally 
by the hour hand A, is necessarily of relatively rigid character 
and may be integral with the hand itself. The point D of 
apparent intersection of the curves B and C shifts with the 
rotation of the hour hand, and a line from the centre of rotation 
of the hour hand through said shifting point D indicates the 
direction north, when the hour hand is pointed at the sun. 

The curves in the illustration are represented as spirals, but are 

not necessarily such, since other intersecting curves may 
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be plotted that will give the same shifting apparent intersection. 
However, at every point of intersection, the spiral curves as 
shown intersect at the widest possible angles, therefore more 
definitely determining the point of their apparent intersection. 
The outer extremity of the fixed curve is preferably located 
on a radial line which passes through the time numeral 1.30 
o’clock, and the inner end of this curve is on a radius passing 
through the time numeral 10.30 o’clock. A point E on this 
same curve, determined by the intersection of a radius passing 
through the hour numeral 6, separates the curve into afternoon 
and forenoon sections F and G respectively, the former including 
the inner portion of the curve and being preferably coloured 
dark, while the forenoon section constituting the outer part 
of said curve is coloured light. The curve carried by the hour 
hand is similar but opposite in its arrangement to the fixed 
curve. It’ is somewhat longer at its inner end than the fixed 
curve to permit its attachment to the hour hand. The point 
H, which is exactly the same distance from the outer extremity 
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outer sections J, K, representing respectively ranges of afternoon 
and forenoon positions of the shifting point of intersection D, 
and being contrastingly coloured.—October 3rd, 1936. 


455,614. April 23rd, 1935.—Recorpine Instruments, The 
Lea Recorder Company, Ltd., Cornbrook Park-road, Old 
Trafford, Manchester, and J. E. Lea. 

This invention is concerned with recording instruments for 


collhned dauniven. fo met & the & a taking, say, the water level of distant reservoirs which it is 
Copi poe - 7 desired to visit not more often than once a month. To provide 
opies of ipeci fications may be obtained at the Patent Office, | legible chart one month long in a single convolution of the 
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drum would necessitate a drum of inordinate diameter, or a 
very slow-moving clock that would be difficult to regulate. 
The inventors consequently use a drum about 6in. in diameter 
and wind the chart on to it from a storage spool. The drum 
makes four revolutions for a month’s run and it is claimed that 
the increase in the virtual diameter consequent on the lapping 
of the chart makes an immaterial difference in its lineal speed.— 
April 22nd, 1936. 


PUMPING AND BLOWING MACHINERY. 


455,905. June 10th, 1936.—Fan Rotors ror GASES IN WHICH 
ABRASIVE MATERIAL Is SUSPENDED, B. F. Sturtevant 
Company, 6, Damon-street, Hyde Park, Boston, Mass., 
U.S.A. 

This is a fan for induced draught service or any such con- 

dition where the gases dealt with carry solid matter of an erosive 

character. It is of the double-inlet type, in which the two 





converging flows of gas meet at the centre of the width of the 
blades, where the erosive action is concentrated. The fan is 
generally of orthodox construction, but the blades are joggled 
as shown at AA. In the recess thus formed plates B of a soft 
metal, which is more resistant to erosive action than the struc- 
tural steel of the body of the fan, are welded. These plates can 
be renewed by cutting out the welds through an opening in the 
casing and welding in fresh plates.—October 29th, 1936. 


MINING MACHINERY. 


455,942. September 7th, 1935.—M1neE Props, J. W. Thompson, 
“*Churchways,”’ Earsdon, Shiremoor, Northumberland. 
This is a metallic collapsible prop and comprises three prin- 
cipal parts, a base A, a column B, and a headpiece C. A and B 
are pivoted together at D, while the headpiece rests on an 
inclined face E at the top of the column. The natural tendency 
of the two pieces to slide on one another under load is checked 
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by the hooked end F of the bell crank G pivoted at H. The 
headpiece and the column are loosely connected together by the 
links J and the whole assembly is held rigid, when erected, by 
the pins K K. When it is desired to collapse the prop the pins 
K K are withdrawn and a pull given to the shackle L. The 
beak M on the bell crank then starts the two sloping faces to 
slide one on the other as soon as the hook F is clear.—October 
30th, 1936. 


MACHINE TOOLS AND SHOP APPLIANCES. 


455,910. July 20th, 1936.—Metat-curtinc Toot Bits, The 
British Thomson-Houston Company, Ltd., Crown House, 
Aldwych, London, W.C.2. 

This invention relates to metal-cutting tool bits and more 

particularly to cemented tantalum carbide tool bits. The 
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given out by the State, the trouble lies in fixing prices. 
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inventors have found that if a cemented tantalum carbide tool 
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bit is not secured direct to the steel shank, but instead is 
employed as the top layer of a laminated tool bit consisting of 
a foundation layer of cemented tungsten carbide and one or 


more intermediate layers consisting of tungsten carbide, 


tantalum carbide, and a binder metal therefor, that the danger 


of breakage of the tool bit is substantially eliminated. By 
employing a laminated tool bit of the above composition the 
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ehange in physical characteristics from the lower layer to the 
upper layer is a gradual one. Furthermore, the quantity 
of expensive tantalum carbide employed in the tool bit is reduced 
to a minimum, and at the same time it is possible to obtain a 
tool bit which does not chip or break, but is hard and tough 
and may be copper brazed readily to a steel shank. The itlus- 
tration needs no comment.—October 29th, 1936. 


MISCELLANEOUS. 


455,658. June llth, 1936.—Tracror Provuess, R. Harris and 
H. Harris, Bathpool, North Hill, Launceston, Cornwall. 
This is a plough for turning the furrows all in one direction. 
lt has a main central bar frame A carrying two pivoted spiders 
BB. Between these there are two bars C C, each of which carries 
a pair of ploughshares and coulters. One pair is right hand and 
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the other left hand. Hand-operated chain gear D is provided 
to turn either pair of shares into the operative position and 
power-operated gear E to lift them out of the ground. It will 
be appreciated that although the direction of the plough is 
reversed at the headlands, the handing of the furrow will remain 
the same. For travelling on the road the ploughs are put in 
the midway position.—October 26th, 1936. . 
455,951. January 10th, 1936.—Gtass-coaTEp [Ron or STEEL 
ArticLtes, W. W. Groves, 30, Southampton-buildings, 
London, W.C.2. 

This invention relates to improvements in the production of 
glass-coated metal articles, and to the improvement of the bond 
between the base and the enamel coating. The invention 
consists in applying to the surface to be coated a batch of 
powdered glass that contains an oxidising substance, which, 
upon fusion of the glass, oxidises parts of the surface of the 
iron or steel, parts of such oxidising action being localised 
by screening the remaining parts of the surface from the oxidising 
substance. The iron oxide immediately goes into solution in 

_ the glass. The effect is that the surface of the article is pitted, 
the molten glass enters the pits, and, on cooling, the solidified 
glass of the coating is, by reason of such surface penetration, 
mechanically keyed to and more firmly secured to the metal 
body. There are many suitable reagents that, present in the 
glass, will effect oxidation of the iron surface. Such reagents 
as the oxides of aluminium, silicon, boron, calcium, sodium, and 
the like, which may be present in the batch, would not be 
suitable for the purpose of this invention, because they do not 
readily react to give up oxygen and produce stable oxides of 
less oxygen content. The compounds which are suitable are 
those of elements of higher valency which react with iron to 
give up to the iron part of their oxygen, being themselves 
reduced to compounds of lower oxygen content. Examples 
of such reagents are the antimonates, the uranates, the man- 
ganates, and the vanadates of the alkali and alkaline-earth 
metals, and, of these, sodium antimonate may be taken as the 
type. The glass composition may be as follows : 


Parts 
Feldspar... 30 
Silica 16-5 
Borax 27 
Cryolite ... 16-5 
Flourspar 3°5 
Niter 5 


To such a composition, in carrying out the present invention, 
sodium antimonate may be added, in the amount of seventeen 
parts. When the glass so compounded is fused upon the surface 
of the iron or steel article, the sodium antimonate being in 
solution in the glass, the antimonic oxide—the pentoxide, 
Sb,0;—the radical, becomes effective upon the iron as an 
oxidising agent, forming iron oxide, and being itself reduced 


tion, continue in solution, and the glass penetrates and occupies 
whatever space is afforded by such erosion of the iron or steel 
surface.—October 30th, 1936. 


455,943. September 14th, 1935.—Piston Runes, H. Smith, 
25, King-street, Peterhead, Aberdeenshire. 
The principal claim in this specification for piston rings seems 
to be that the pressure of the rings against the cylinder walls 
and the grooves in the piston can be adjusted during running. 
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The ring is composed of two parts A A of angular cross section 
and a sealing ring B. They are sprung into a groove in the 
co which is supplied with fluid under pressure by the passage 

and hollow piston-rod. The nature of the fluid and the means 
of its supply are not specified.— October 30th, 1936. 


455,644. April 25th, 1935.—THE MaNnurActURE OF HALOGEN 
Derivatives OF RussBeER, Imperial Chemical Industries, 
Ltd., Imperial Chemical House, Millbank, London, S.W.1, 
and J. G. Moore, Kinderton House, Weston-road, Runcorn. 

This invention relates to an improved process for the manu- 
facture of halogen derivatives of rubber, such as rubber hydro- 
chloride. The inventors have found that the reaction between 
rubber and hydrogen halides can be carried out very con- 
veniently by using an amount of solvent which is sufficient to 
dissolve the initial amount of rubber, but is not sufficient to 
form a homogeneous solution of the hydrohalide produced. 

In this method of working the solid rubber hydrohalide con- 

taining some solvent can be readily separated by filtration from 

the bulk of the solvent, which can then be re-used for the main 
reaction. The solvent remaining with the product can be easily 
separated by gentle heating, preferably in vacuo, steam dis- 
tillation, or by washing with a suitable liquid, such as methyl 
alcohol. In the preparation of rubber hydrochloride it has been 
found that a suitable solvent is the previously used benzene, 
and an initial solution containing more than about 3 per cent. 
by weight of crepe rubber is preferable. Gaseous hydrogen 
chloride is passed in until the reaction is complete—say, in 
about forty-eight hours—whereupon the resulting soft slurry 
is filtered either in a press or by suction with preferably the 
application of pressure to the cake to reduce as far as possible 
the liquid content. The cake produced in this manner is a white 
mass, which, on breaking up, presents a soft granular appear- 
ance. The benzene remaining in the cake may be about 80 per 
cent. by weight, the precise amount depending on the con- 
ditions of filtration, and can easily be removed by washing with 
methyl alcohol. Finally the product is dried in a current of 
warm air, ¢.g., at about 30 deg. Cent.—October 26th, 1936. 








Forthcoming Engagements. 





2, 


Secretaries of I f , &c., desirous of having 
notices of meetings inserted in this column, are requested to note 
that, in order to make sure of its insertion, the necessary information 
should reach this office on, or before, the morning of the Monday 
of the week preceding the meetings. In all cases the TIME and 
PLACE at which the meeting is to be held should be clearly stated. 


Pee — 








1937. 

MonpDay, JAN. 4TH. 
Soo. or CHEmicaL Inpustry.—Burlington House, Piccadilly, 
W.1. “ The Zinc Industry,” S. Robson. 8 p.m. 

WEDNESDAY, JAN. 6TH. 

Inst. oF HEATING AND VENTILATING ENGINEERS.—lInst. of 
Mechanical Engineers, Storey’s-gate, S.W.1. Discussion on 
‘Effects of Water Vapour Content in the Atmosphere of 
Interest to Heating and Ventilating Engineers.” 
Soc. or Giass TecHNOLOoGy.—Trocadero Restaurant. Annual 
dinner and dance. 7.15 p.m. 

THURSDAY, JAN. 7TH. 
Inst. oF ELrcrricaL ENGINEERS.—Savoy-place, Victoria 
Embankment, W.C.2. “ Lightning,’ B. L. Goodlet. 6 p.m. 
Juntor Inst. oF ENGINEERS.—39, Victoria-street, S.W.1. 
** Street Lighting with particular reference to Discharge Light- 
ing Installations,” E. W.C. Day. 7.30 p.m. 

Fripay, JAN. 8TH. 
Inst. or Sanitary EnGIngERS.—Caxton Hall, 8.W.1. ‘‘ The 
Disintegration of Solid Matters in Sewage,’”’ H. R. Lupton. 
6 p.m. 
Royat AERONAUTICAL Soc.—Royal Soc. of Arts, 18, John- 





to a lower oxide. The iron oxide so formed goes into solution 


in the glass; the antimony and the sodium, in altered composi- 





street, W.C.2. 


“‘High-duty Aero-engines and Fuels,” F. R. 


Monpay, Jan. llr. 


Inst. or Crviz ENerverRs: NorTHERN IRELAND Assoc,— 
Queen’s University, Belfast. ‘The Numerical Solution of 
Formule by Graphical and Mechanical Methods,” Prof. F. H. 
Hummel. 6.30 p.m. 

Inst. or Transport.—Inst. of Electrical Engineers, Savoy- 
place, Victoria Embankment, W.C.2. ‘‘ Some Considerations 
of Problems Affecting Port Management,” Sir Lionel A. P. 
Warner. 5.30 p.m. 


Tuxspay, Jan. 127H. 


Inst. OF ENGINEERS AND SHIPBUILDERS IN SCOTLAND.—36, 
Elmbank-crescent, Glasgow. ‘‘ The Training of Welders,” J. Orr 
and W. Heigh. 7.30 p.m. 

Inst. oF Marine Enoingers.—85, The Minories, E.C.3. 
“Engines Aft versus Amidships,” J. L, Scott. 6 p.m. 


WEDNESDAY, JAN. 131TH. 


_ British Horovoaicar Inst.—33, Northampton-square, E.C.1. 
“Time Switches,” E. E. Sharp. 7 p.m. 

Inst. oF ENGINEERS-IN-CHARGE.—St. Bride Inst., Bride-lane, 
E.C.4. “Power Transmission by Rope, Belt, Chain, and 
Gearing,” E. L. Parry. 7.30 p.m. 

Inst. oF WELDING.—-Inst. of Mechanical Engineers, Storey’s- 
gate, S.W.1. ‘‘ Welding Non-ferrous Metals : Some Problems,” 
H. W. G. Hignett. 6.30 p.m. 

TRON AND STEEL Inst.— Joint meeting with Electro-depositors’ 
Technical Soc. British Industries House, Marble Arch, W.1. 
“The Tinning of Steel Strip by Electro-deposition,” D. J. 
Macnaughtan and W. H. Tait. 8 p.m. 


THuRspDAY, JAN. 147TH. 


Inst. or Civic ENGINEERS: BirmincHaM District Associa- 
tT1on.—James Watt Memorial Inst., York House, Great George- 
street, Birmingham, 3. “ Engineering Experience in India,” 
F. W. Ireland. 6 p.m. 

Rattway Crus.—Royal Scottish Corporation Hall, Fetter- 
lane, E.C.4. “‘ The Ironbridge Alterations,” L. T. Catchpool. 
7.30 p.m. 

Roya ArronavuticaL Soc.—Royal Soc. of Arts, 18, John- 
street, W.C.2. ‘* Magnesium Alloys,” Dr.C. H. Desch. 6.30 p.m. 

Fripay, Jan. 15rH. 
Inst. oF Civit ENGINEERS: YORKSHIRE Assoc.—Grand 
Hotel, Sheffield. Annual dinner. 6.30 p.m. 

Juntor Inst. oF ENGINEERS.—39, Victoria-street, S.W.1. 

‘* Bakelite.”’ Informal meeting. 7.30 p.m. 
WEDNEsDAY, JAN. 207H. 

Inst, or CHEMICAL ENGINEERS.—Chemical Soc., Burlington 
House, Piccadilly, W.1. ‘‘Superphosphate Manufacture,”’ 
W.G.T. Packard. 6 p.m. 

Fripay, Jan. 22Nnb. 
Juntor Inst. or ENGInreRs.—39, Victoria-street, S.W.1. 
“The Modern Steam Car,” M. Harman Lewis. 7.30 p.m. 
Monpay, JAN 257TH. 


Inst. or Crvit ENGINEERS: NORTHERN [IRELAND Assoc.— 
Queen’s University, Belfast. ‘‘ Main Sewer Outfall and Pumping 
Station for Lecky-road District, Londonderry,” G. F. Houston. 
6.30 p.m. 

Tuespay, JAN. 267H. 


Inst. OF ENGINEERS AND SHIPBUILDERS IN SCOTLAND.—39, 
Elmbank-crescent, Glasgow. ‘‘ The Application of Cast Iron to 
Engineering,” A. Campion. 7.30 p.m. 

WEDNESDAY, JAN. 27TH. 
Inst. or FurL.—British Industries House, Marble Arch, W.1. 
“The Combustion of Carbon,” Prof. H. L. Riley. 7 p.m. 

THURSDAY, JAN. 28TH. 
Royat Arronavuticat Soc.—Royal Soc. of Arts, 18, John- 
street, W.C.2. ‘* Plastic Materials for Aircraft Construction,” 
Dr. N. A. de Bruyne. 6.30 p.m. 

Fripay, Jan. 297rH. 

Junior Inst. or ENGINEERS.—39, Victoria-street, S.W.1. 
“The Sunbury Cathode Ray Engine Indicator,’’ Captain 
McGilliwie and R. Stansfield. 7.30 p.m. 
Inst. OF ELECTRICAL ENGINEERS : NORTH-EASTERN CENTRE. 
—Old Assembly Rooms, Westgate-road, Newcastle-on-Tyne. 
Annual dinner and dance. 7 p.m. 

WEDNESDAY, Fes. 3Rp. 
Inst. or Mintnc EncIngeers.—Geological Soc., Burlington 
House, Piccadilly, W.1. Annual general meeting in the morning 
and afternoon and a dinner will be held at Grosvenor House, 
Park-lane, W.1, in the evening. 
Saturpay, Fes. 137rn. 

SrupEnNTs’ Assoc. 

Annual dinner. 


Finspury TECHNICAL COLLEGE OLD 
Trocadero Restaurant, Piccadilly, W.1. 








LAUNCHES AND TRIAL TRIPS. 


TyNwaLp and FENELLA, twin-screw turbine steamers ; 
built by Vickers Armstrongs, Ltd., to the order of Isle of Man 
Steam Packet Company; dimensions, length 327ft. 7in.. 
breadth 46ft., depth 26ft. Engines, steam turbines, pressure 
250 Ib. per square inch ; launch, December 16th. 


British Power, motor tanker; built by Harland and Wolff, 
Ltd., to the order of Anglo-Iranian Oil Company ; dimensions, 
463ft. by 61ft. 6in. by 34ft. Engines, one six-cylinder four- 
stroke single-acting airless injection. Trial trip, December 17th. 
JoHILLA, steamship; built by Barclay, Curle and Co., Ltd., 
to the order of James Nourse, Ltd.; dimensions, length 375ft., 
breadth 52}ft., depth 34ft.; to carry 7500 tons. Engines, triple- 
expansion, 20in., 32in. and 54in. diameter by 42in. stroke ; 
launch, December 17th. 





Banks. 6.30 p.m. 
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